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f % -m •*** ^ w** *** rn T ^ ?zf H ' 4- "»VvwKf — V* Jt «f ^ &
w m  i M ttm im  i»,
i*a *  :"’ ^eaersl Co»4ifieratio»3 \
femtmre of orc*.at* peroxide# is 
that they fell ecatain; linkage# -1m' tilt seise that
a a  e l& y X  - > ^ 3 w p e r o x I& *  (£0011) m ay b e  r e g a r d e d  m s t h #  
percxy tmaXegue of an. aleo&ol (EQXI)*these'peroxide# are 
related. to ■ fEmilias monoxy or^ ale sh0stsaet3f ea shorn . 
in the table belowi -.0- .-. '
Komcxg Coai^ ouad''’ v ; f illxxy ©ompomad
Watear. : IICII HOOII Hydrogen Peroxide, ■
JXeoheX IIOH ■*>■«* nooa Athyl Hydroperoxide
/MaXlcjl Ether tnt&*‘ E*0OH Eiallqrl BeroxiAO
J OarbexyXie Jeii. Mt*iiU’mJm i ' ­ll -■so©-©a: ■■•■!■ .'II -  
0 ;
f  ero^ .leid
i ■ © .
©arboxyXi© later E0-O!* ■ II 
0
&*©©-£ I
. ;. II- - 
' 0
Heresy Inter '
II os’tl*»£i0 e t §00. l*C S f U ^ aro iy  lerodi®
OH . v#4
JeM 'Anhytrid©' I:10«O
0/
£0*0
O^JS : 33iaeyl Feroxid# ■
y ■
■ 0*03^  .:■:
■■■'•* ^ f - ^  \ ;•
$M e'p© r© fX eX i« exiasde ;io  .'©We ' f t  i& & ir tu tia ia a l
ro ta tio n s*'. Pm ^t' cn fcy&rop r^oadL&e w il l  re ro t
. \  ■' \  . • ~ 
w i%h m  acid o r aoit.'ofiXoiiftl# te  _ f€ « $ ttn
: +  ■ > s * e o s ^ - - — ®- 4 i »ooa*  +- tiQ i"» A ■ , '
<gjod a
peroxide* :
■ ^  ■ )■:-.■:■■■>.> ' - 7 .  :, ■
■ c « o  ■ ;:■♦■:■:■■ ;. fe»eag —  : > ii-c -4 3 fca ,|»
' /  ■ • • J: i;-':. . ■
e * \ a * , .
X#; b* f&e Ita3jiX i% r o f § rgen l®'f  ero;?ci&e;^
■;'■ yeroai&aa* as- m- - a ©ome^&lf':
undeserved: re p u ta tio n 'fo r eseplooiYenaaa* ' f tit #arX|r 
apartm ents' in  tx g ra it p erori& t ' oha&latrsr ifrom 'about '.' .: 
1900 to- lf4 S ) were ta rr ie d ' out 'on the' lower fcoaoleguea ’ ■ 
sutlr ea motfe^l >4?dropexoxit# Cl)# atnyl': fejniroperoadSa' (2) t 
dimethyl par©3d.de (3 ) > p erfo ra te  ;C4) . aodi. perseetio ' (5 ) " 
a e it%  ©&& d im erit an i trim e rt#  BOetant'peroad&es £€)#- '' 
a l l  o f.w tiitli er#; indeed ©xtre®elyve ® lo a iv # -a t room 
ttm ptraturo ia  t&e prt©«n@e o f tr&eee o f d isparities* " /'" 
o r ©a being to  m ild p&y.sioal s&oeic* '.fo r
«ani5le ,. tr im e r it at«tone pero3Eido#..en e p lo s to n t w il l  :
.-:■•-■■-' ■-. ■•- ,31 . } \  : •' ■-.■>•- -.
o e r fc a n y l 'g r o u p  i t  f o m
! i . 1
.penetrate c,n iron; plate with which it is M  .(6J*:. ,,r-
while: perform!o and psrssstle eet&s svplo&e. merely 
being' ooneeafcr&ted* Peroxid.ee. eont&irine larger aXhyl • 
■groups :&re*.-•however* u^ekvm©» stable*. :; .■ : . ,..vV:
hydroperoxidesX7)$ for example*:isStable at. room temp** ,;; • 
/e-mtare*''omn distilled saf elf M i x  reduced pres ewes... •
• si, temperatures of up to 100®* and 1© relatively stable . 
to. the motion of., acids* end mltells*. .aM/to physical 
ehoah# .-^ Xaattay&ryl peroxide (8)* dimtihylphenylmcthyl 
■hydroperoxMa .it)# .;tert»*»batyl peraeetete* ' and .
'hmtyl ■ triphemylmethyl peroxide (10) are still more stable 
;md belle the explesiren®ss of their lower homologmos* . 
■this * rale; of 'increasing stability'with - increase; in the = sl&yl 
to^ oifgen ratio*' however* doeo not hold where the. intrinsic 
: nature ■ of the. peroxide - gives;-rise-; tov rapld: reaction or. ■ \ ■., 
reari^gement #•::. 1-^ teethylphenyteethyl hydrogen l**mono**,:. •.
7 ■-■ ’ * t parphlhalate * for., example* In which ..the
W 2E '£ *  7”‘ V
oarbon^ to*!*0xyd’ea ratio Is . roufhly; one •
0 He - ast m':haXf tixBesr es-" great' as in /the
1 m ' • ■ * # -J, - ' * . - - • i- .* • ■ 'i ■^   ^’•  ^ corresponding. fert» ^butyl: per ester* ms-.,
rr.fr>-!
, ., * * tea been shown - ir the preseat went*
explodes ■violently at room •ta.yorature uaasr i W  iaflueaoe 
of a slight traee of a mineral/aoia,; or oa heatlag to about
s&e end precaution# should be tttem to mini
ftnvji#
is a sms® of. •toeeh*! te-internal'.eombustioii^"engines* ■
Sy homolytie decor* position they provide fret rcaioal# 
which induce the poiy-uBrleatioa. of ms&turated. monomertf 
tuts t*<v art 1 <* Cca^o of the gcllin^ of the drying oil#
o f p a la is *' mad they  are the-m oat'w idely used''compound#- 
fa r  the palyxexlsatiea o f v in y l monomer# in the p la s tic #
industry' (XI)* ..By.'.the suto'xid©tion:;.of ^certain, hydrocarbon# 
m a other orgmi© eo&poun&a:' 'followed by • ©aislyii© deeom*,
position of the peroa&di© product®* cheep route# t©‘ 
oxygeu^ontminin^ chemicals have been ©bt&tued* - • Phenol - 
end acetone* for. example* are obtained te&usirimHy- from-: ■ 
©uaeas vie, the eoid-oal&Xysed decomposition of ©ortsa®
hydroperoxide (12)* i 1 . '
.: v  B @  , ( : .  .
Pa-a-O-fta^  .;/ £t.oa -7—> e*0 :'7+ . 'Ill® ■
. E® ■ : 7  '■ > >  :..' •^■■■.■: ■ "." v : " ’ .........
idalie ’ a ’ patent' he# - fe©©»': ta3£®&- out fo r t t r  manufacture of -
hydrogen' peroaii# by the m utsxiteiian; of i^l-m ropyl , - 
eloohols.-Cijj^nrfz* t  /:
■ ■ • 7i--..;..:'IS#.:■ 7 , 7 ;  77^: :. i g 4 #
- .ca-eg — f g  >, »- c=o h„o„;
: | ’ . ". • .:."■ [ ■:■ ■ •' | ■ ■ 2, SI.-’ '
r:.-7 M t - ■ 7 :! 7;.\;;|^0;;77':/,:..:; / ,>  J|$r 7 77.v,
Hyar©g@ai/; peroxide;- i t  self' is/ ueeir mo. a- bleaching eged tin
'-.•••' ■ ' '■ ’ ,f '
the te x tile ' industry* - ms esd "
reoently.as m fuel'of/a^vety- 'gooi pover/weig^VretiO’.- .■' 
fo r ro o s ts  or. turbine* used' in  propelling' aircraft" or ■ 
mbmarines ■" ;:'g ■'. V
fhe theoretical-' i n p o r i o f  '- these; ©o«rpouode: derives 
from' the maltiplioity' - of types" of bondfission# : both.
'■ hoJBdiyile- tbejr earn be toad# to laidtrfo#-
t e ;» ^ k | ; to  for a H q l ;liydrop#r0xti# (*&hU)# ’the allcyi** .
’ ossy&sn* exy^en^xygcn* end oxygen^ydroi^a bonds #m  a l l *  
m td e r  a p p r o p r ia t e  c o n d i t i o n s *  u n d e rg o  b o th  h o m o X y s is  .and-- ;' 
heterolysl#* $fel& theai# Is concerned mainly wife-o sh- 
in vestig a tin g  these d iffe re n t types o f bond fis s io n  in  
organic peroxides* end in particular* %lth establishing 
the occurrence of alley1-oxygeu heterolyol© Miioh had not 
previously been investigated* ■ . ; ; '
tmp?ron wo — . ?tcw Tro.A’fr.ja so ?r.’0^ir^
. ■ ‘ f  ?\T ‘ ""' "
''' ^eriersl Considerations ;
"v. ' " ^MX- em«^ esiX'. a?eaotlo»»..»re, with., iht jteraa**
ticn or rupture of bonds 'the most Important of which* in 
organic* chemistry* is the' covalent bond* Such a bond can ■ 
be formed either by the union of' two ' odd^ electron particles* 
such as an odd-*eleotron atom or a free radical * or by.t&s 
. union of a particle containing an mahcrel eleotron^ pair 
with one containing m  unoccupied orbital* each m  an 
acetate anion and a sodium cation* respectively* $ he - 
former process is bond formation by. colligation* the latter 
by ecoordination# fbe reverse of these two processes*-' . 
that la* the breaking of a covalent bond to give two odd-* 
electron particles or to give two electronically dissimilar 
particles* on® carrying both end the oilier neither of - the 
t m  bonding electrons* is teem as hessolysis; and hetero** 
lysis* respectively#, fhoet reactions which .fora end breek
■‘vM5i5ly5$s"
coveleat boa^s. by .colligation and hemolysis* respectively*
are' toawn &&- hemolytic reactions* while.these ■ reactions 
which 4o so"fey "coordination. andhtlerolysiis «©■ 'team ■ 
ee heterolytio reactions*
2*,fe.* ■ .Hemolytic Reactions -
She homolysie of a coWiant feomt may fee catalysed- ■ 
fey beat {pyrolysis}* light (photolysis) or other types of 
radiation* fey surface catalysts* or fey a metallic atom 
or ion with a ualvarie&t valence* the free radicals formed 
fey honolysts are generally very reactive* either recombining 
with their ora epeeim or other free radicals to term- - 
ntw eovaXent bonds* ©r ■ causing homolyiis-of a" new--covalent 
feoni ■ and so producing &©ir free.■ radicals#. ; Many hemolytic 
reactions therefore- proceed; fey a -free«redieel-. elmtity:/ 
mseheaissu1 ■ ferrous and ©ofe.eXtcutC ion% for ' example# - ■
. induce- the. hemolytic* decs ^ouitloa of ©ever©! .’hydroperoxides# 
flio initial step la the t r  naeferenat of -an electron-from  
the £errouc, ion to.-the rupturing feoad*; r ami ting in  .the 
production of a fra#’ radical*. §m anion #." ant a ferric lea 
( i f / l S ,  ! ? ) « - ,
., 80011 . V  . E d ,  . . +  F e+ ++  ' *  : O B " :
-la "the presence of a hydrogen donor .such as hydroquinone* 
the radical* fey afestraotion of a hydrogen atom* g l t m
A m ' to '.a n '- iltto o i end '■ eaaotoer. tmm  ra d le a Ii ;, :-.-,.^,-;; ■
■ 110* ■ ■ . - ; #' ■ HQ ----------*" ; ■. & & *  t '  ■ >0,' ’ "•;- /  " '
ftoera * hydro vUnoae) •
radicals may Elsa attoto stability by mder*'.,. 
gotog toirs^XeaaXtr fission-or rearrangement» ;£baraseh; 
and M s ' eo*»wox%e*s. (1 5 )t tor example* haw. found ■ t o a t o . 
meet ophenone :i».- formed. :as ; .a /sa j or pro&uet during -toe
toem a l deoosjpositioa o f 6 te ft% lp !ie ry lm a t% l.>yd roperox i.d tt
follow ins meetonlsmi .'-'— /,
' ■ ' ■ ‘ I n y i  ■
. I  oH - ;> - - - - " ; -»  . f & ^ e 2«0« #■ * ® .
v t o ;  ; - i / :;K e  y ; . -u - '  / t o '  ^ V t o ^ ; - - -  V : . , /
.- ': , | | i 4 - 0 #  ' — — +- Me*-  ■■ ■ ■ *  ■"'. -■ ■''■ .'
: " ' : - ■ ' 11#  ■ . - v  1 : ■:'' ■ ; - '
they found tout to© relative tendeaoy of groups to undergo 
eloarage.of tot carbonicerbon bond to the B3*S*0~0* 
radios! tooreestB to to© following ordert
phenol < »toyl < attiyX'•< .hydrogen" ■.
f M s  i@ to eontr&et to to#-tolativ#.®sigratosy i^titoit#' 
of the alley! groups in; toe xu’i^cuo* eation'w&ieh ' inereMee 
.to-toe ee^umoet / '
isy&rogen *< xaetoyX u: e th y l’-* bheny! / ./to  
toe- faot toat :to# phenyl : group 1st very ©low to- teefelr a 
oatoom^oaasbsa bond la  a free- ra d io s ! o f to t  above type
.4#. demonstr&ied .■!».•,.■ tht-; - ' -
trlphenylmeth^;peroxide* ^Island (IS ) te a . foiate .that .... 
the radios! f irs t, formed by oxpg^nM&xpgm hemolysis* ~
K*^G0« 9-..either abstracts a . atoit/.to-' gl^ r#- prin**
elpally. tripheaylmethenol t or to a lesser extent rtarrwgea 
as! dimerised to give dlphe&yXbeaeopl&aeoX t
; ; y, ,v .p ^ ;/  b i^ q o #  -»  • r n ^ m ^ -  ■ i m f i ) ■ : v
.re s
v
r r a n g e s
. dtmeriseaj- ■2.   . | . (40«
t # " e *  " l l e t t r o l j t i o  ;v E n a c t io n s  : ; ' v
t*.e#l# -.JQiphatle ■ afbstitutiem reeeiiome' . ;
ffce modem Ytew.pf Vthe-.rneoUetilam of iliptetie • ■ 
substitution reaotio&s m m i p l ses; that the majority of. 
these reaottoas are- meleoo^Xio* that is* . transfer of 
eleetroaa: ©eeure-froia tue reagentv is , the.. seat of. eab$ti«* 
tutioa*. and' from/ the latter ’to • % m . extruded group f vie* i
. I|0 ( . I^s . ;....--»■ ..IE + -,X‘~
this theory* developed %  Hughe® .sad' t  void m d  "their 
sefeoQl In papers from If 53 .onwards*- postulatea a duality 
of meehamisafor mmoleophilie- '■mbsiitutlons^ and ia mow ,
g e n e r a l l y  a c c e p te d *  I f  a  m is o X e o M s r  m m l m *
f M X i e . sabatitutiom i n  wMeh;thft f i r s t . s t a g e  is  a sXw , 
tr^eX ecM ar heterolysis © f t l it  a liphatic ©omo©a to' ■ 
form a eerboaittm ion which la  t&m rapidly-ftttaoScod.^y "■ 
tli# moXeophiXto reagent | ’ and ft Mmol eerier nuoleophlXXo 
; substitution in which attachment of the replacing grojp 
"‘*o$ aaa expaXaion of the replaced group* from* the seatv 
of substitution a r e  Mmftltaneou® prossees#* ■. •
. 2 * o * i l * :  t h e ' u M m o le e u la r  m m o le o p l i i l io  m ^ M l M f l o m - ' r e a o t l o i i  
■ M s  is; abbreviated teXbe^eiitmbol’'&ggX* -im' which S. * 
substitution* B *.meXeophilie* and X.'» mimoleouiar*; 
fh© general e^mtlea fo r tho'^oaotion i s ' I ;
where &X is the' reacting molecule* end X  is. the, naeleo*- 
plailt© reageirt which maj or mejr mot boar ft' megatlT® . 
charge* ..the rate of the .reaction is .that of the Mow, 
'uMmoleoMar.ioaisation.eiad- therefor© follows the.. . 
general rate equation* . .■ .
where 1^ ' is'the first order rate c o n s t a n t * 11 though ' ; 
the rat® of th is . reaction 1 a independent o f the. comoem**
slow. i r
Hate *  kx [ b x j
}tratton and" imtert of the' 'imoXeopMlio. reagent* major 
mrirtion of ■ these . factors'. oam oimst meebenistie change 
to the Sjjt meclmniea*
2#.e#lil» ' :fli#. bl»aXe<mXcr. moleopbilio substitution. reaction 
If structural ©hange In 11 end X  esad yoa?latioa of the 
eolreat e&mse the M  isoleaul# to Ionise more slowly*. , 
aai I f  ms concentration ea&.meXeophiXtc of f  -
mrm Increased*. the:attack.of,T aad the.less of X ssaj ;: 
become., ajmehroaeum- end meoheaietie’ oheage to- a. feimdleoul&r :"
rate process* the • Ifxl meetaaAsm#. will oooor# • tie* f : "
<A ■ .: / K . a/ow . ;'w '-, h1  ~~—► 121 # X.. ■
./- ft reneitioa/'
,- . state)- ■ ■ :
I!ere., the rate of the reaotteri is patoporilonsl to'..'the . • 
concentration of -both- T end BX &*& therefore' follows-• 
the general rate equation*;. ..■ ,,
;S»t8 • fcg '
where • X g 1 $' the" z m  and order; rate constant# a e attaoic ■ 
of X em never precede. the loss' of X where the reaction 
centre is saturated* since e&rbaaa 'U&» -a maximum ooiryL#ioe 
of four*
JXn/ reaotione of organie peroxides fallow either of ■ 
these two ^ eo&aniesisji their' oheraoterlstloe ■ are_ therefore
discussed la greaier\d#tBil' beiw*."- ■ V -
£+e»tr# ■ Cqastltatloa©l. md . effects- in;' '
m ioleophllie  substitu tion  . t  - V"" " 1
■ ; ’ fixe ■ general equation £©at* nueiecphlXie lobaiituiiomv
i S l
'  "' T t ^  e J ^  ’  ' .
fa. shall' consider*, in turn,. the effect the rio&etion ; 
of Et’ Xt ' aad T* and of the nature of the solvent* on the ■
&*X and S^ f nmbBnic&B*v! ;;'‘ .' ' ■ ' ' ■-■ ■'■ ■ ■':o ■ ;u0  ■ ,-"... *2* .
./ o-a* ...Tariaitom ia:I .
. : the- nature of the .alkyl gw*p.B*tto a large measuref;)
dateim ints the electron a v a ila b ility  a t ■ the reaction
.centre* asi is thaic dominant in determining, the mechanism
md ra te  of reaction* '.;.. \
' J&lcyl’groups* hy :.&’ combination.,of induetire and
t^rpereonjug&iiv'e effects*, .release. electrons., with an .,
internaltjr proportional to , branching and homology; .
groups rtltass . electrons fcy the meh mere .powerful
eon^ ug&ttire effeot* Hence* . electron release to the central
carbon atom in the formula below will increase- in the
order show in the following series!
^  H M# Mu. - .
E-*Q«* < H-C** ' < . ' '  •' • < E e~ i~ - ■
it A A- 1» &e Me u&
g   ^■ E  ■ ..: M ■ . ; 3Ph-
"' : ;■ A v  ■ 3KM3**
■ k  ■ . : \ 4  ' S...In, ■■;■ \ -
’ " f M s  electron m l  case to-thcreection centre he a a 
f ©heea^cut effect" upon' the .1 X^are&ciiom#\j; ■$&©.. rate** ■ ,:
"dcteTOinteg. ateg®- Involve© umimoXeeuier M tt^ X y s iir  of: '
: ’the- E-l bond*; which wiille fa^omrtd;imaiibi|p0usXj,;bF •■ 
e le c tro n : .re lease ' t rosa S* ^ v ^ e th y la tio u  ;and*: to  a la rg e r 
extent ' <f«*ph«3aylatioa- there fo re  fs c ilit& to ''',th e  '^ 1  ■ ,  
■reaction*: / ■ :;-y v;: ::
■■\-;'-r5fh«-oleetrcuio ro^uirteento of. the Q 2  m m h m X m  
©re not m  straiglitforwmrd .beeeas©:.twd electronic ©hift©. ,. 
at. the; reaction 'eenir©f ■eaufliellng :1m, their- requirement®* ■
■ art taro-lired la determlaiiig. the rate# -■•-> Heotroa release
■' to. the reaction centre will', facilitate Xoe© ■. o f ,tlu^  replaced 
e lectronegative group" X* ■ tu t  h tM e r approach ■ o f ; ■ 
the ;nuoiooplailio :--reagent If.: fe#' ©Yerell e ffec t'oenao t ■
.- iherefore' be easily predicted tat* X m  ©my--case* will,
■mot'be large# rfrom experimental obaerratlons:it appears- 
' th a t: th#1 effect • on the approach o f the reagent' 1® more ■ ■ '
' important * -and'1 ' rfH£Leihyi©tien ©lightly hinder©an 
• reaction# .- lff however* electron release in E Increase®, 
sufficiently'It'-can'• ©o £ o 111 tat e loss • of X and ao hinder 
approach ;©£•. T that ultimately It. mey effect a' mooted ©tie.
y^
ctt
e.
• change' from the to. the Sg3t pwtee®**
:;:.; 4he above predictions have been ' eoaf I w e d ' by I u ^ h m
" ". ' \ . ■ . \,mmchmXm.' o f; .the  ^hydro lysis. th a t ■•
the. S||t meeha&ism is  p a r t ia lly  -‘^ oppressed in  favour o f .the
o f th re e : methyl s a b s tit ira te ' hmomm s s x ffio le n tly .' great 
to effect complete meo visile eh«aa^ e# •,end;'the 9^LX • 
mtohaiiism is . followed* ;;.th a t; cf^pheiayl&tioa has the asm® 
e ffe c t on meohanlem. has .been-.'shorn la  the hyd ro lys is  o f 
arallcjl iiElidea ai'id s^oiilm compomids in which E varies
according to  the..'.se rie s* H » €M~ #. /CSJPh, ■'".GBPIu#-- C2fc~j ** . . *£. .
and In fo ld  tad ■ th e ir ' eohoo
hySrokiits-- in e^ ueoue. -oloohol# 
.lluetr&ies ■. the recrflte. t *ey' : 
►a the dlaiirsm that"-laefeaai»g-
bromides by. dilute alkali J^ro ldee-' m q m m m  ■ a c * ; 
fke'. aeeompeiiying diagram il ustrate*-. : o 8.t c .■■
obtained* ■ I t  i s . c le a r from.. h i gram t  inereaei -
! d^efteXation (methyl" to &m~*
Me ■. It 7
propyl) ..effoota a progressive : 
decrease In the rate' of hydrolysis- 
by '“th e (£L2 mettaMsm*; ■" However* 
electron ■rele&se by; -the two :' 
methyl. suhatitnents in'iae* ; ’
prop$i- bromide exerts sash a;;., 
■powerful ■ influence ■ on the ■ ; 
Degree of,^ «aethylatioa
Sgl i e e h m i ® t In ter;t» ~butyl : bromide the .'electron releae®
ehsnge' £ m m  8^ 2.. t o  8^1 occur# during the/ /
liytrol|p:^iS\«f':txal&yl 'kaliitS' to m q m m m  eleohol' eomMiii-*' 
:iii^ ':-h3rdr©adde ione. where I Is to#- btasfeytoyl
'.eompoimd reaatisg' extlm^iwly by a wiimoXeeulaa? mechanism 
"(20* 2X}*; ' Ilm^es end togsld.have f « d t o s t  mcchraietie 
©hangs 0«cusws» >©tween-1 » benzyl csM t « fcenshydxyl'' Y
;tortog to©' hydrolysis of toe. eorrespen&tog m m n X vm i- ’' "",.
. compounds ( 22) *  /. fhue* "it Beams itai "%%& effect" of one 
phenyl' group is about equivalent" to that' ©f two alkyl• ■/ 
groups* ■ -since msohantstto ©hang© to\th# feydrelysis .. '
©f alkyl and aralkyl iialMas .©e©ur© at the secondary and 
primary \hsXtdes* re s p e c tiv e ly *. ;.: /
: ' — b* :1 Variationto Xh:--./
; Irto the 8^1-and mechanisma-*' to the;>at«^';' \v -: 
deter&totog ' stag#, involve 1 less - of' the group Xf" increase^: 
to its eiecirosegativity will-therefore he- expected to 
facilitate reaction''by' both- mechanisms* but only to '■ 
borderline reactions' will: it' dictate which ' mechanism: 
la followed# ' the following is' an approximate sch^matle • 
.representation'of 'toe;results'ohtatoed by fmaV&iii -■ 
Hinshelwool (23)* and by Hughes a id  ■ Shapiro. (24)* with ' 
regard to tot effect of the' variation, of X/in the halide 
series on both toe S,,l and *3^,2 reactions*ja i».
47-
.-. X waries'to- HX ■
.Relative rntes of hydrolysis
. ., . lleshmism 3al 1 Heehanlm SU2,. '.14
'^vV; ■; v- i r : 7 V ' :
; % r: ' " :  
S0*4O0
I f  im seem teat these, result® © o& fim tee pre&ietiom'■'•■ 
that ■ tooreaeteg tee electronegativity o f X- will affpet ;:h ■ 
tee re&otiom Jjy; both . mechanism© ato©st\ equally*- J 7.. ■
©* V crt& tionto X ' 
flm  ra ta -o f .the S^I .reaction-jshould. be independent 
©£ the. mialeo^htXta .power of tee 'substituting reagent* 
but tee ra ie  of .-tee .&*£ reaction ■ should toor@ase.wlte ' 
toereaee -to tee .mucXeopbili© power of T* : fh# moXeophiXt© 
power of a reagent m i  Its beeloity;'«tre. related * being-.' 
measures of tee a b ility  te  ■.donate, eleptrons to carbon' ■ '■ ■ 
kid to a proton* respeotlrely# y;X.'.'eerlea of re agent a :' 
arrimgtd to order, of their..know deere&elhg baelo itlee ' 
would also, therefore .renghly. .represent tee order of' tete 
deereeelng m eleophili© power'#. vis#.* •.',
; oit om# m  mm 00* ■ o w  bit ci"*
Deereasing Order of Basicity and of lueXeophtlio fewer
; .%&% x m  ■ c o n s i d e r ■ a  1 1  . I s  ireaeiii&g .with &  'xo
-. re la tiv e ly  powerful, ixueleophilio reagent by the S^2 :■• 
meeheaism* Is i w  nisd# to react with ;
.Of: sneeeseiirely decreasing n^#Xaapiii3.ia 'strengths*- 8U' ;■ ' 
■ether conditions euoh 'ae eelTeat*\t€^perataipet\esa.^ t t e  ■-■ ■ 
.eeaeeatratiOBi- o f  it t  remaiaimg - As-the strength .
of. the m o leo p h ilte  p a r tia l#  ,Is  ■ progressively decreased*. ... 
th e -ra t#  o f the 3^2 reaction..wllA.XsXX# slaae#- the. ra te  
is  dependent oh the eo&oe&iratiohs, •■ (o r * . mm-, meanr&tely*' 
sottirl t ie  $)..';o f both K£ and 1# "A po in t"or re uloh w i l l  
«wntm elly.b# reached where the -ionisation .of idt moots  
fe s te r than the, ait&olc o f T'oa. the seat o f ' s u b s titu tio n *' 
that-iSf.'-meohmistie change from the S^t to the Sgl' reeetioa  
w il l  tore pi&es* end the ra te  o f ih# sab e tita tien  .w ill.’’ 
beeome independent o f the eenoentretioa o f X*
C&eave, emd Ingold (25) M a w  studied such '
a series in  the methyl atton, of. nuoleophillo reagents ", 
by trisetM^XsuXphonium salts is , .ethyl; .s&eohoX^wias#! •. .
. ' & e d +i!e „ — —»■ Kef ♦ . . :
■ ■'■ - .■:.&•;■■•. ■ ■ '- ■ ' 4& ■ ■
where .X wes successively OI-C' * Cbj # 0Ae%. sod’ 01%
the resu lts  'obtained-. are ■ represented schem atically. below# 
fh e . hydroxide. end pheaoside deoojsposed ra p id ly  -by m ^
e .decreasing
e an  b % an  t  r a t  a b  ,;:
eomewhere. between
carbozrate reagents
the
ation' 1*: essentially. an, electrostatic phenomenon#
in  ton or a po lar solute molecule* by e le c tro s ta tic  
orientation, o f nai^bouri& g .molecules* decreases,
the energy o f the. eolmte^aolTent'system end thereby . 
s tab ilises  i t *  lienee* the mow p c le r the soXYeat*,the 
more polarised w i l l  the solute molecules become*: ih e \ 
more po lar bemds o f many molecules* to -f& e t* -eadsi ss 
- solvated ions or ion-p&irs. when such, molecules arc ■ 
dissolved In  a. s u ff ic ie n tly  polar., solvent*
In  assessing the amount o f solvation to be' expect ad
is  the presence o f e le o trie  cMrgess* the following. • . 
three assumptions have been rade by; Bushes* ■XagoXd* ;
. and. th e ir : ecMeor&era (2S}» CoXv&tton, ■
( t ) w ill--.increase' w ith  i&ere&ee .in  ..the &&^itu&& r
0 f t'^f* Charge* £»*d -" -■■.7 :-; ;
■-: ■. (ii) ■ w ill decrease with inor#a^ iaw &i©perssX ot  a ■ given 
charge*;’- end . ’■ 'd..;;\,: v.-; . - : v
(ill)-, '.this decrease dua to ehar£e:■ diepcrssl' w i l l vd-—/■> 
:bt less then that .• due to charge-deatrueii on* :■
. It was .further assromei. that polarity* :that is* power 
to solvate the charge a of .«aalutee*',will-: increase with the. 
molecular dipole ro mn% of the' solvent*. . On the Vslv...:...:......
of thee#va®sttmptien»*.-.;; these:worScere-predicted;the effects, 
'.which increased solvent p o la rity . would have on the re tea  
, of. d iffe re n t; type# ft.' reactions proceeding;, by" the
- i„l and &*2 mechanism®* fhe ■ following' table IsU ; M .
reproduced' from- th e ir  .worfef; e l l  th#s# predictions have 
heea eoafi*med‘-.hy experimeat*.
: t r e d i e t e t I f £m%m -m B M m of- 'Imaftopliillo
Diepositioa.-of Charge* • ;, ■ ■/;' ZUiOOt - Of.
ieffratiom. 
, ■ v : C&argea,
If fee 1 ef'
■ Increased Solves
: J^ lsxitjr am Sat#Initial.State . frtmsitioxt 
itrfce ■
bx^oieousjii , ineca^ f i^ :
I“ : + V EE, : *£' p v SaiilX Seereaee
/I + sx
A
■ X&$re&S$d , y largeJnareaae
y  * ■ ax*- ■
; f- f+
.:• : y y. C large Seare&se
,Jr .•♦. js’iii ■• , ••■
i+ <f5*» ?«* ‘'S*1 ■■:,■ S Ietp.erse.d-. *imaSS: Seere&se*
tjsn.cits y i 1A3 ■teliSMiai
I S  ■■'■ *  r~ .. laoreased large Xnore&se
; : W '  T'V'’
S'-t <r+ »> • . **■ ■ ;■ Siepersed Small peereae#
X
-1 ) 
u i ^ A A  ‘
?.«*•*» Siia stejwsoecieiriej:! e w ie m - ef tiis ftJl .aa# Sgt Jresatiea*
a* ®so 0..X aeessttm '
l i t  l i f t  of ill® ©crb^ utim i«  forced i» H i I|1  
r m & t t m  is lmg-. anot^ b fosr ittn taa.ia a plfitmsr
#en£tyarfs.tieaf fcnl for tb#. rapXased ©Xeoiroaf^ ati*?# 
lf0 far .tes®. fe#;. re«isii« eeatre
ro as »i0i is affoot t|MX &te9*tlo& #£ epproselit ef tit# 
p# Ift: i&m: tta# r^XaMjif rt&tiiim iXXX-.%# #®a^l«i#Xy
* jamle* no grmsp'-
is prseeai te t* : v.ln, S0tmal pp&ail##* &wtirep* :
«t#ri?scb€fti#&X raa&i of i  *# f X wasiiaa X# fpsatw^ iXy 
pesmia&ttoi* noocepeMod by i&rsa^m.ep*. in i »  easts*
%  rs ie n ttc a  ©f c c a f t^ ^ t lo a *  ,v : .-./ :--v.. ■;
. fa ton t r t s i s i t i . m  nf. feaisrsXysia of iXk$X
#bXo.a?i&#s cri bxwi&as by, tot S^f re&sti#?** iha IU*St 
Iml is ttsamXXy » i  ler^ t:%or,eX by r*ors- toti, ab#nt..0#4X- 
|tf|# fry mmX$Q$zllt® parti#!® ep^ »aoliiiif this 
«^ X##t*l®. v**#a tot . eaparstim it f*at#r
f*44 wsntd:b# tuMinf .part in a- mimoltomlmr re&stie®*.,: 
time# it wmili not b# inwl»I . iii:th#,trcneiii«mt,'siai#. 
and tii© raia^tiswiiiiag irlaips iraald b# ih# miiioXtonXar 
Visa itm ©ffaraiiom i&. as&XX* 
tb# .mbstltuili^ agmi oust toter ©airXy frait tit# old# 
spposdi# t# th&t of y#$®$aiozi of ife# ptplaoist ferv*i iMols
w il l  s tiie ld ' Mi® re&otion s ent re; from atimol© on ■ the seme 
side-* 'V;the degree" Of i t  ocmisstiea't: therefore* must 'be 
mmgfcly; proportional to 'th e  ■■freedom end length o f life... 
of ■ the/intermediate eatbmiom ion 'formed# .A m m m m m e * * ., 
•.'stabilised esufbexiium lost, ' l ik e  ■the: l^plieii^Xatliyllnia 
left*.■‘Will■"therefore giire more ■ exteaslwely. r&oe&leed H 
produets' by th is  sueohsnissi than on# whieh is  less ■■■7:'7v'
■ reso&anee**stabilised# Hugh##*" ingdld* • ' : their s o k ■ -7;- 
■'■workers'''’have found th a t 2^«oetyX,:'-bromide' (2 3 )'.undergo#s.- " 
mimoXeamlai? hydrolysis and sleohoiysis with predominating 
tnrersien typieslly aooomptnied:by a 3^**§0^ lost of \7t7 
optieal purity* while the ,|a||ig hmlide* methyi#tfeyX*'' : '. 
ijg^ herylmethyX ofclorid# (2f), whose earbonium- Ion. will'be 
more stable* undergoes similar re&otion® typieelly with:'
; m TO-aCv loss of ■eptiesl purity* 7 ■ "v"7.7-
■ fhese stereoohemloaX possibilities in unimoXesulear 
i&u&XeephiXie institution reactions h&v* bteu summarised'
■. by. ingold (30) in "the' *&*& rule’1* ■ If states# ^MeoHaulsm 
B«1 * 'proceeding- through a earbonlua ion*: lwrolYws r&aem** • '4* 4 ■ ■
tsalien*" to ether in general with an. exees® of inversion* 
unless e eonflg3xr&tion^ oldi&g' ^ ro^* sn&h as in# 'or**aar» 
boxylate-len 'group*' is present* when eonfi&ttr&iloii is-; *•■.■'*•
’ predosl&ta&tly preserved** A;.aonfiguiati©a*h0lding' group
e ffe a te  @l’.,®ottflcaratio3a by the. formation o f '
a- ,wealt bond I p r im ip iiX ly : ©Xeetreetatio in c h a ra c te r*  
between,. the nueleophilie-eentr®  o f ' the' group ant the 
eXbotro»’*d e fia i« n t’'Jsaat,' ©£. ■m*bs$itut.I®xu.. th is  bond-..!®'
fo rm ti’-om'th# : sid@ -0pp.osit#-. to :; th a t'w an ted  by th© out**; ■ 
going group ■ m d .'ha®.■ -the te a l fun©tf on, o f ■ holding ■' t h e ■ 
configuration.■■of;, th©- faXkyl11;1 oa^bon etc® la, i t s  te trah e*  
dral, ■ ©t&te: wmd' causing'th e  ■ replacing p a r t ic le  t o ' approach 
fro® -.-the sit# , ffeieii 'wotCld ,'l©ad t®  stereeohemleel retention*
,t*g*t v - V ; -%g ■.' ■ -- r : : ; :vV';'' '
Other groupz which hair® ,,toe©&., shown to. hair# , th is  ' effect 
ar© the ' «. :/S^allcoxy* ^ a c e ta te  p ■, mXXylit f  .
dialbyleisino* and' alkyl-mercapto (31)# , ■
..vfite mttcoV of t on Tit fmm the same# or .-opposite* aide 
to that of the receding anion will *tve I and Xlf reepeetlirely*
l
(Bet ©nil on)
b* ■ She 3^ 2 ■' reaction
m
an'the two possible, transition at ate® In'- the S*~2. reaction.
■.-■ ■'■ ■'■' * %, ■
: H W ' mj*
\ ^  ' ' ' % '  ' ' ' '
■ v ' x  - ^ ;v- ■•■
.gtat®. X wilXrl«©A- to- ^storeotom lociX .retention* - ta t state 
IX .to imr-"5 sion*-- .$toee-,iGG& toverslon. has been laaiver* ' 
gaily.'observed .vshea: the, aoXeemle .Hi. .undergoes- .re&etioaEt ;
.by ;the. U^2 Beebanis®, i t  appears to& t, r©£U3fti©& ©Xw&ysr---. 
pm m  ,&a xJjt ;tra n s itio n .s ta te  .XX#''- IM s ,tra n s itio n  s ta te  . 
■%?ilX;liaTf ©a appr0xim at0 l^ ;p ia im 3? amrfi <n o f sero ©lee*--. - 
. tr$&  Penaltyf vU4.cb m ill m totolse the-positive- ©xeta&g©" 
-energy between tfc© a ltered 'end the'-pr© ©erred b©&&$# 
th is . ©table'. arrangement whieh Is  mot poeolbl© to - s ta te  1 
w i l l  . jae&e .11 'th e  more stab le  o f the two tra n s itio n  
states* The e lectro  s t& tie  repulsion. o f the ■ two fra # *  ' 
t io n a l.a tga tiire  eher^ee 'ca rried  by;X end X to--.tb© frim s to  
tio n . s ta te  eairmot; a ffo rd . a ©empXete e ^ ls & a tio u ' o f the , 
lin e a r c p lit  borid* sir.#e the hydro lys is  o f •©nluct' 
cations by. th is  aaeohanisit also re  a itIts  in  10O?£ eonfigor©** 
tio n a l torerslon# . f r w f  o f I n v e r s i o n - b e in g  th©-..
. (m  y©t) u&^ ueltfied rile to 0^ 2 reactions. ter been 
provided to the hy&roly 1 a of l*piperit^ ltrtetth^ l©3rjiionlm 
hydroxide-tot© pip-eritols (32), to th.% sabstitatito of
Ions fey aside"ions ‘{35}$. , ■
■mM, in 'th e  'rseemisatioa o f'o p t ie a l ly  mot I t #  2 ^ ^ e t y l \ .  
iodide# X^phenylethyl bromide# end oM>roTOp.3fopionio.;,;'. 
acid by the- corresponding 'ra& leaetiv* halide; ion&.' (14 )* ";■•■'
f *e v r l*  ?-vBste;gdfie&tlc» end'ester 'hydrolysis'■ '■
: o f ro te rifie c tlc m  and; of, ^ster
h f& m tfB im  mey'fee< considered oor0Arrem tlyt th e ; one being 
th e ‘'reverse o f-:th#-'©they#/, f  he-position' o f ’rupture o f ■
■ the ester, feoieeale la&y ■ feeStakes! .a©' the 'Slagnosti# feature 5 
to  ^ la s s if^ ifig  m.^ ov£i ism# " ■ fhere ere two p a e s ib illt ie s *  ■ • ■ .
..E &# 'lllyl«03cyf0a' fieeion : :
■". A A ' ' ' ■ P 'R„0 £~0~O — ► • IfCM! ..*  ^80*G■ & ■ • \  Vf .
:■ :V .,. I!> ; ; H'
: ' b*///iUfryX'^xygeu fiss io n  'A ' t A  A
./ Ho0.:- ■ 0   ► 'BCM* ' ■ *■ 11-01 ■■
■: «' . I • \ .
■•■ e1". _ a1
■Under &oid'• conditions a tta c k 'w ill 'b e  by the SL0 molecule ■■
on the conjugate acid o f the eetert under;basic conditions ■; ■
th e ' reagent. HO** w i l l  react. with the unproton&ted’ ester* -
Both tmder basic and under acid ic condition##' reaction  may , 
take.place e ith e r by -a nnisoleoular or by a 'bim oleeular' 
aeoheniwf there are  thus a to ta l o f eight possible mechanisms
. by ■ 'which an ; acid may fen e s te rtfle d  ■ © r, an ■ enter hydrolysed* 
X t .;$&«■ ...symbols A.and. B ropreaaat a&ld-eatslysie"and ..base** 
■tatalyaia# reapeotiw ljr# ■ the ;eubsoripts dO and' JB -represent 
aeyl-oxygen =en& • elSqrl^xygen fi.a©ioa».;raspectlyel3r»: a n d / 
the-imamereXa.X n i  2 », as'.before.#- represent-imiffiolecuierity 
.end feimoieomlarlty o f reaction#’rtspootiTcly#-. then.'.'the \  
e ig h t .-possible .mechanisms. mm represented ■ fey .'the '.following 
abbreviated f ©rsst : i.,A  * »/ 4 g*JL *: * ®'ii^ '1 ^ ::
Of e l l  these, fee terissae* ■ only .two#." the :. 
basic ecyl*<>xyg©n fission'-fey ■B,unlnoleoular L e o f a m t m  . ' ■ ' ■ ' 
(B ^ X ) end- the. feimeXeemlaa? aaldi©' eX3qrl^;aqrge» fis s io n  ". 
.meehenls® (a ^ 2 ) » hare "not bee i ac tu a lly  observed*
; &♦ / loyl-osygoh f its io h  ; ,.
."- Jhe : general.. mecv s *i«». of. blmoleeulsr.'.basic. catalysis 
w ith.' eoyl^ ossygen f i  asion  may. fee , represented as'; follows*
m w  '■ ■"+ . s' •' -,;":Sa+- ' + . ■;■-oa
0 : 0 A  il * l „ , f f- .1 <P ;, ^ _
Q-Oii ’4  —  -■— h *si-— jrrzrz^  ~ HO*»y ■- '■ C81
A *  : :. A
1XW
* ■ " Ef
: ■ «  ; . *; ~T*+ ..'Yaat . -s2° t - s :
£be forward: process is that of^sterifleatloa# and A the 
•reTerse.:ie'3aydrolysis*--.-
•"18**;
fM s ' meehmaisis lias b m n  idiots* to e-eoly g en e ra lly . in  the-.
' feydUroiysi».- ®nd' formation ofVthb, sim ple: aarboacyll©' esters
tsn&ea? basis o©n&iti©us*.;." ■ fhu8.*'-#©XehyI eo& Ssab© (35)
have shown, th a t. ifc-amylaoei&te Is  hydrolysed by water .,
• ©nriohed w ith  ;the .isotope to -.form j|«~amyX aleshal,-,
3 s '{& ntef& inj no es&es© .of. T.O* ; th is  re&otten m m t : ■.
, therefore. involTe; aeyX-o^gen -. fission*.. - l*e *  * V
|l A ■ iq  If' :% a :
CTUWOC f^t* . *  H*» OH   >■ • ai^C-T^OH  ^ ' ,*. • 0J L . OilP . . . H  . 5 •■■'? ii
-■■■ ■' " -,A1a03 *-■•■ C5slg * ■ HgO' :■
fh® bisol eenifsrlty of' 'the a lka lin e  nyt rol., *iie o f' 
simple e&rboxylla eaters was esimbXleaei la. the. #ase o f 
ethy l aeetote (S i)  s M i n  many other simple esters# I t  
has fa r th e r  bean''shorn th a t e le e tro p b e iiiw  substituents  
In  the alley*! group re ta rd t while eleotxo&efotlv© . 
enbstituents aoeelerai© *' the ra te  o f the hydrolysis, o f 
e^'texe-by th ls ’meehaiiism' (3?t 3&3*. th is  re s a lt is  in  
■ aosord 'w ith the ''observed e ffe e ts  o f - sohstituenta la  tae  
\  2 reaction (pp# 14-15)#
b* :': fiss io n .-.' ^  .■•
' ■ i i  ;
■; :. Consideration o f  the .ester • moleeuie E*-£U0~a.'will;- \
Indicate that -the' e&rboiiyl" b&rbon atom* .'being more ■ ■■
tTteyl o&rbo' will
kme :a ' greater\affinity for a'nttoXeeiihiXio /p&rtiel©* 
aa /fli© r„ C3s>t%'1 loaf with'-the coaeesueno* that
MmolooaXar ■ aoyl^ oiygea heterolyste" willeooito more readily 
tliim too :&Xteroatire;e:£ >X£yl~o?y£eti e^terolyate* ' t t $ \  
however* the all^ X gro&p tt is: «^ £e-'pxc%ieesireXy more - 
'&Xeotroii~reXea£to£, I’jntoeleeulsar. 'ellcjX^ ox^ e^ii heteroXysis ’ 
will;be favoured e0yre5^oB&to#y* .fmrther# if toe ■
®tv<? i^th of the attacking moXooptiiXio particle 1* '.." 
jBfcQjteBssiYely d ear et^ cd*: ^ action fey a mimoXtealar ■ 
meohsnte'i will become imoreasla^l^-pr^^oniaart* . ftm met 
recall .of these two effect# will. .be" to promote reaction > ; 
fey untmelem&er.■ alkyl^ -oxy^ jen heterelyeie#
: %m&m and h is eo-wor&epe (3S) have sfc$n that where 
t h e  tmlmoleoular. fte&ibh reaction-ie mode',,•■■
to predominate hy the operation, of: the two effects 
deeorlfeed to. the preceding iparagraph« the intermediate. 
earhonlm Ion formed mcy mmdergo both feeemieatlon. end 
isomtrisatiea* ■ thue* X -pnonsri^ J^ e^thjlaXXyl C X ) and 
X^ met%X^ 5«phe2ijXaXlid. ill ) hydrogen phibeXatea undergo' 
hydroXysto to.tb©' presence of fS m s  tie codm fey feimal.-. 
tcular aoyl*-o3cyge» ■• beieroXysie to • .yield' the corresponding 
eleohole with retained oeafipiratioB* When* however#,
the. hy&a^ lyatog mg®*! i@.more dilute. eXteXX *,. toe. imi- 
m i l .timim muittm. ■
. and ..the hyaarolyeis.- of hoto eaters praoee4» xl§ . the ;. •. ,
liiissa. totessae&i&te-.o&rboaimm; ioxi-.ClXI). with, the. result 
t tkt product: is. .»c&*XLec4 aiai oaly; the- ■ .mo3?# stable 
sieehol' (XT)*." to'.wMeh the etoylehie ao *0levboM. isX. 
ooajmgsted w ith.toe- arotimtio Is  -.formed* .lfe» i f .
5# 2I&0S
o^eo^agH^co^
•' ■^'  ^■ clil # 0
.y; ;■ (I) ; X ;:.';— i
clil *
O*S0»'CgH*»CQg*
(~) X  1
(XI)
(-) »ac2
. *~_i. ?>.Cxi«Jj^ as i„> - ■ ' . | ' 3 :
(Z) 01 S.,M*
■ ,.; ,l{XY)/ ;!X.:■.
C^^.^Ca3^^
Oil
(-) ** siicr
XKes^cn mud hare rnlso demoiiateatel;. ; ■
tlm f^mmAon of i&ieraediateoarboatei iana bj,thmi;r • 
.reaction with suitable nucleophilic r^ agonis to-.yleX$ 
eowemponaing; derlT&tivee* fhue If J^ dimeto^ rlaXl^ l 
lifd.ro ./a phtoaX&te (40) t- m  ’ treatment with' methyl alcohol, 
or acetic aeM* gireis 1 i J^ dlmetoflall^ l .methyl ether or .■
X *>^teeihylsXXyi ■ acetat$» respectively*'
~ .^ H i , _ to^ tf
H > X ?
V i A t
Q C€^ HI.A
\ * r
Xu the pros tuaoof  ' alfcyl-/'©* a ry l ^uXpiilna^es*. carboniura ; 
Ions yield the corresponding salphcnee* f lm& : l^ HBet&oagr'"* 
phenylethyl hy&rogen phth&l&t© (41) resets with sodium- - . 
toluene ^ ~sulphinr,i© to yield X^^cthoxyphenylethyl • •'• 
&~tolyl sulphenej
:. Stsdlavly*- a - largo noroar of . aleohol 0 #. including. :mrfehytool» 
.di^^ethosy'beusMydroXt: m&- ■iriphenylmethrool. yield the ' •'.
m & i  e ^ ponding eplphonea isiiea- the remoiiim-is
carried'out ;in\aoi4"Solutions# ; With,urea end ethyl y 
Eoetosoetat# C42)#;',tho corresponding sywetricaily':.. 
■di^suhotitmtod ur^eo **L&\C^rahatiiui©&- ethyl acetaaoetaies: 
ere fomed* ■- $fcU0 r -^methosy^er*shydrol • re&otir with, urea 
to yield ^i^^ethoxy'bein&Mryl urea* .
,0-^
>
Pk
I
ca—oa CQ(M2)g V _ ^
>,-o c h 3
V V ■OCWa
?k
mdwitlt othyl eostbiaoet&t# to ytsld .^ «.is0tho3cybt2i^ i|f'4i^ rl 
athyXasetoaoetai© t; ■ ■:
CH«COvC&nC0JBt ■;:— -^---*«-—•*&—
/y  
)CH$
2#e#*ri.# : f!m  reaeiioa ;V..-;/v;". '■■ ’
. ;: Itei the group X  in the moleeiaXt EX>aa form ' ■
stem|g feytro^^ the reagent MX ;(e*g> * when ' ■
X » -01|' CM30*H|. or vl) or'istiea X tun 'rsadVwith tha. 
reagent so.that itself earrtes the tm gm %  ( #*g:#y 
Mil * SO01^— -*■ BO-SQCX)*.them & third possible;. rssotton 
mmfomXm  of eliphEtio'- suMtitutlou*: ia eMitiea to the' 
Sgl ®a 5^ 2 .Mebsalm* aire'eflar «***«>.**■ may exist, 
fht® is m% tntmioleeular moohandLsm-whieh Xs desiga&ied :
■ Most of the examples ehieh have. so far hsen' \ 
suggested apply to ©leoholsi; for ; sample *■ tlie S^t ■ T; 
ohlorinatlon of aotive phemylhutylmsthaiiol ( 4 5 *  4 4 )  
proceeds as followsi . ■■■■:■
t% la evident fora the ehovt. meehanira that the r&mtton* 
piroeeedss with retention at toa masniiEsfrlo erntm A 
'stellar ja^ ehanlsm lias fcee& suggested (45) tor tee taostoaw
tion of tophe&^leth^l phenyl : ether* whieh also proeee&s • 
with retention! in this ease the totexmedlate complex. is
;' ■■ =■ ■ B i  * i - V  v'. 
N\lI-0-l?a ..Jfffe .» 'NsC3 *51 ___#► ^ plKBr + HxOI/  /  f'/ /lie ; Ko . St  ■ Ke'•. ;* '■"; : . '• ■;• .-•/; -r : / .; • ■ ■ ..# :,i - > .; ■■'•*. ■•.••, .• • -
W-- expected-that 'the' $JL ■ 
meehe&tem. ht: ■: operative to; the ■ mylmtsfxygmk ■ or/eihyl*
os^ genv heterolfais: of^tarho^lie asters*'vtot ; '■
»rO-CO-R^
*.■ I * f
■ A , .1
m. ;v >- •\0*00*E#i + i
fission)N
SHfo'eo-a*
   V 1 ^ 1 ^. I + . f
s-o co-a*
{Asyl-teygea fisslea)
■ " ' - latter 'of' tlm m ' tw^  .rtaiiti§ai'miilit '
' beeaaee "of thel©rg«rfraoldonai■ poolttvo ehar^ e-on :
ih# ssrben^ ;earl>eavBt0ia'(££*» th« B^2 '«nd'B^S -r®ao-^  
tlone*' p* 28)*'■ - fto. only ’ ingestion'of. asters m m iim g . ■ 
by the SUji toehaniem seems to' here beam mad# by Xllen ■:•,
(45)to aacount for the methanol jsis .of -:;
*■ nitritest : r:V:;\H
1-0«*4T*0 ;' 1*4 •
; — ----  *  .:•, I ■ .■ ; -.t.. ,,v I
, , liiore ., ■ . , VH :- ■ «£•,■: -,'• -
little toS' beem' teto in investigating; the condition# 
favouring this meah&nis®»\ Obvious!;?* 'where the'ooi i^^ K ■.
is l^ honded* the group X in the m.o%mol® IX met bo 
■'. ■ eapsbXeef anting m  tto aeeeptor mol seal# for en f!*%mdt 
that is#.' it met eoatain at letetroae pair of unshared 
eleeiromr ha InS, Q* end S# ■ fh# fe^sto, H¥*mtist be
oapablo of partial proton donation, as 1© V a ease whan 
1? Is **©«4t* *$*Mp • f «•*!, and *«SM1* Keeessary structural . 
factors in. 1 ere less bbvlo&of apparently, if 1 'ntroa^ ty • 
'.releases electrons, the relation is facilitated, that is, 
the- asm# structural factors in 1. which promote the i^ X 
reaction also promote, the Sgi reaction* In this -respect, 
the reaction nay not he iregsrded asr as internal
■ ■ ■
reaction since electron release, la. B does not apparently
decrease the reaction rsttf' It appemrst -'tliertfore* ' that 
tli# fission of the B**X bond Is mere lisporterl' theft' the.; 
formation of the B~X boad*
the 8*4, reaction may be expected to occur alongside the 
8^ 1 reaction# for example* la X^ phenylclJfeyi eoaipoun&s* . .
Hydrogen peroxide end allryl hydroperoxides are 
well toown. to be very powerful.>X~boM donors (4?)* and 
powerfol. H-bond acceptors* , discussed later * :m m & . ,•
of the heterolytie reactions, of these oompoiiiidst::botli in. 
their preparations and propertiesi;;proc©ed .fey4$*; ■
mechanism* group B  being #»eryl substituted# ,It' isighfI/,, 
therefore be expected.that..the 8*4 m a h c n l m  wonM'also 
be involved.in these reactionsf;: fhlf' iims indeed/recently 
been obeerred in the reaction of hydrogen peroxit# :with; ;- 
gome; eleehols (86) and >ste;rs.:0S j*; which spps^ iitly 
react rith sll:yl»oxygen: btierolysAs*.; bnt:' fiwt, :«tention.:; 
of eonfi^iration*. ■ ■; '.vr p. ?.:,’.S vV:---,; .v*?. ;h; •
Vfrv.. . %*• • • * < ■ t^f-~ '-;■{ ”:g
j*a*  ^iTOpamtioa '
;: " A large  um ber e f a organic peroxides haire been prepwed
by' reactions/which; fall into two main categories* .■'
■ vi* those which proceed by a homlytie meehani&Bs* and 
li*. those whloli proceed by. a heterolytie meeMniim*
3*a*i# Ilomolyti# preparatloM* preparation by mtoziaasiom 
; .Adtoxtdatloa' reactions tlioe# wliieli''in¥©l,re:'tht ■ 
colligation of alkyl' radicals with 'tssXeeaXar oxygen to ' 
fom initially' the aXJcylperoxy '{E00«) radical* ■ fits'■'•■- 
free radical reaction chain’ may be'initiated 'by' nltra^ - ; 
Tidet radiation* Meat*' finely divided"metals* hydrogen 
bromide*' peroxides* or surface catalysts* ■ the' peroxides 
formed' by mto3dt,dation; may' theiiselyes. initiate chains* 
mi benoe;' the reaoiloss we aatooatmlysed* fhis :gtner©l 
meohanism may be illm.stratei by :tbt antoxidation of the' - 
hydrocarbon ISi*'as’follows*;v>: " '.
Ohaim Initiation .
+• E # : ♦ *11
..fb&in toopa^ atioa: •....
: ” l«;'. <r;.. *§~0«. —  - - -->' s', : ■. .
BOO* + m  - —  
fibs&n termination may then be. .effected by,colligation 
of any two of the species If** JU* end BOO* , •
Since trie. intermediate format ton of alkyl radioale 
(E«) is an essential of mtoridatton, the rate of cmtoxi** 
d&tlon will increase with the, ease of radical foration# 
Eesonance stabilisation is. small in the methyl radical* 
■is greater in ■ the. allyl--radical* end wen greater in
..the benzyl radicalt1 * x
x:, m y x • • H :-x.x.-.^
I ■ . '. : . I. ...
.;-\kftthyis v;;: a -  a#
l ' ’. ' ' ■ I ® 1 '■:. . .-. IU ■
' - 'laiyii; : ■ ;; eagsft-Sa*;<— »'’ ^
(fhe symbol Z'1 eenotes the- Eobeaoat of s single’ electron.) X  
ffre following;-order .of increasing reactivity of hydro*. 
oarbono-by. ontoxidation may thus .bo. onvlec^ r&t V
B^sa5 ' ^ gCHg^E^ea <;ciasH*ciJg \aikjHj :<^2ca2^ArjCa : x
(a •» sliqrli ,ftr « eryl)» It Is 'not sarprlsing, therefore,
that most of the peroxides prepared by autoxtdation :
.contain.. at least m e  el&yleaie- double ■ bond' in the utehjt. ■" 
position#' .
- ■. fcroxidew obtained by ©ntoxidailon m i  “be subdivided 
into the following categories* .
• ; 0#' thoBe obtained from saturated hydrocarbons* "= ' /;•'
. b* those obtained from olefinto hydrocarbons*. :
'- 0* trms~©nnuler and polpitrie1 psroxM 
” ": d* those obtained froa eld^yd.es*. .end \ .
@* other peroxides*'
m* Peroxides- obtained from saturated. hydrocarbons.
As slight be. expected from the difficulty M  obtain** 
img saturated el&yl radicals* very few hydroperoxides 
or other peroxides have- beta prepared from saturated 
hydrocarbons*. • However* 2«4iydroperoxy^ 2 i?*«*dimetiiyiootari0 
was obtained by Ivanov and ■ihakovehuya ,|4i) from the 
amtoxidatlon of 2*T-4imetli.ylootssi@* while Benton-end - 
Wirth (4§) found that reduction of the- prod&eie obtained 
from’ the li$uid*»phase sutoxldatlon of certain straight 
chain paraffins at shout .110° yielded saturated aliphatic 
alcohols* Crlegee and Dietrich (50) have obtained a 
number of hydroperoxides-/^ which the hydroperexgr group 
la attached to we of the carbons of 'am elieyelic' ring*
for- fm lm m m xlt®  md .Ira&ffi*--..'
9«de©@iyi.' hydroperosdL&e*' ft.yoioKexri feydroo eroxida its e lf, 
w&s ©btotoed fy  f  artea and P&ssagtla (51) ■ from, the atrloxi** 
datioa of j&^ lfthsaBene* _ .. /=-.-’:;Vy
She ©nJmooed reac tiv ity  of cyclic compounds la 
analogous to that ©baerved t», the S^l reactions of :©yoXi#; 
.halides end rig h t therefore he asorifced >.t© the common 
factor of the formation of a flaaar : t r a a s i t l o a ...=. 
to the first m m  a radical, and to the second a oarhoatum 
ton* -to mmik eyoltc strueturee-.the activation energies - 
of these reactions are .snail m  compared with.those o f the 
chain structures, due perhaps t© the ebseoee ©f. s terie  
strato'- to 'th e  oyolie ’ trsasitloa''states# ■'
•:- Perhaps- the ffiost'tddely.'tovestigated of the- saturated 
hydroperoxides obtained: by autosiiatloa.' Is tert.»»butyl 
hydroperoxide which was obtained, from, the gas phase. . .. > 
amto^idation of ■ the hydrocarbon, hydrogen bromide'- being : 
used as a catalyst fh# J^|#*butyl' radical- i»-produced
initially by the attach of a-hroBatoe atom m  a iselsoul© 
of the hydrocarbon} this radical then colligates with 
a molecule’ of-©acyyenf:■■■' ;v . : -
Catalysis of mtoxldattou lias also been brought about
' by the use of mereury irepour 'irradiated with light fmm '
;m meroury aro# She mereuryatoms are wised to m  , 
ezeited eleotronle state by absorption of the radiation* 
end tend, on this .«Mx$ar to '•&. hydrosarbon moleeule. bring** 
lag about the hemolysis of a. earbon-*hy& wgen bond# By ■ ; 
a 153}" Obtained methyl feydropepoxide
md ethyl hydroperoxide in good yields# &*£* i
/;■■",: g.xcsy-— ► : n#':,/:^ .A::c^ jv::;f ■ : 
y-:>y :'cay \+Pg2 p — < a a ^ e o ^ ; ; v . - ■ .
Si';ca^Sa "P.'.pa^yv ■:
b#-.-,:- :Beroxides obtained from ;olefini0'end aromailo tetrooarbona; 
: t fte;:peroxides obtained; from:the. mtoxldatlou of — 
ole fins-.are among the earliest:'Sti3diei#':‘;As.early as - ..
’1S00# IHgler ^CS>4) ;observed ■thmt ^enteEtfVhezen##'.-and' / 
;.t*methylbmt^ 2^ ene: famed' peroxMes;: on standing -exposed 
■ to. air#" later# cautroirer sy aro ea aa to'; the:' % ■structure-
of ■ these- eutoxidation $radmeis#:' ln':'lS2@t\.Ste>heno- (55) ■
. and. tm%er*. Seale ..end oelaapesdear: .(56)»- proposed. fee 0iru#tur# ■
am- feeing feat .reaMting from .fee addition of fee #0**O> 
molecule aero ae;.'fee-. efeyleMe double feondf. feusofetMn**;
■;.iag fow fLa. t  : tm  1fee m ciebexgarl lifdropmroEMe*
S-:/ / -V f r  ' :’
H i  «
' H2 ^ ^ ea-» 
fi2
it remained to Crtegee end Ms collaborators:.(57) -.end.,/ 
also Iloek.end Centos® (58) to prove its true structure
as feat represented :fey.: formula' II* tney feowet' .feat '
.fee- product.absorbed;'.bromine* indicating the-preeenee 
of ..the; double .bond*/©&&'.feat; reducing agents- yielded 
eyoiohei;en»>5»»ol* : JMioatiag, fee- relative positions of fee 
double bond ant fee feydropere»y; ^roup* ; Mmally* they 
proved fee presence of ,fee OOll grono fey 'preparing ■ .
its allcali ‘metal- salt and regenerating .fee .hydroperoxide 
fey - acidification*.:, : tMs position ^ is reactive ■ because" ; ' 
tm s ,Q $ an *-lr*ve^ vdrosicn at® -will produce, a. free v 
; ratioei-feioli ia :»e0nmnot 'stabilised* ■ '
11
42
I ■ It has, since* then, . been 'shorn in a large number; 
of; preparations that structure/;XX' is-', characteristic , a . 
of Vail; :perox±des;-. obtained' from,-the - 'autoxidation. of 
cl ef inio; hydro cartons, that is, the introduction of, - 
molecular oxygen occurs, at/the position alpha to-the. 
double'-bond* \vlhis. has. been clearly demonstrated In the , 
ease 'of. 'the autoxid* tion of the esters - of:: certain fatty • 
acids containing msaturated chains# In such compounds
■ Y-qt1 ~a ’
e out sluing the: 'structure: «-CHn«*CH-GK*-w1i0X, either the . 
or- or <x' hydrogen- atom can h e : ■-removed 8n&;the tvo radicals 
produced will each resonate • between two ' eontr: b ■* ting 
structures? ■ ■ ■ ■ ■ :
r\n #: / ,; -Ca-CH=CH-GHgX -CH^ OH-CH-CHgX ,
/ /; / ■/ nr* n  • .-/ -CH.-CHiCH-CH-X'-'* : -CH_-CE-CH=CJI-X, d .
where -X' denotes the end of; the molecule carrying the
oarboxylic ester, group#' -Thus, for each of the four
forms , -one ■ oof re spending hydroperoxide should' be possible#
In methyl oXeaie, for example, the four hydroperoxides .
should' be-.' those corresponding' to. attachment of - the ODE
11 10 9 8 
CKjCOa^ G^ffgGE^ CECB^ CCKgl^ CO^ re
(methyl oleate)
group at carbons 3, '9, 10, and ll# lioss and his co-worhers 
(59) hare shown that this is indeed the case, all four
hy&aroperoxltea having been Isolated*
';. lesonanoe stabilisation of a free radical may also-' 
be ceased.by an d^ arosatic group# - Aromatic h^m m rhm m  
carrying alley!' stde~ehaias ilm# cm be antoadLdisod m m  
more readily .than eXefinia hydrocarbons#.’ the addition 
of -moleeal&r- oxygen again occurring at the position.' 
ftphn to the- - electronic system# thus the mitoaddatloa 
of ethylhensene (60) gives X~pheaylet il. hydroperoxide * 
of easat (fit) gives’-dlmethyl|^ <mylmethyl hydroperoxide# 
and- of tetralia give# li2i3i4«tttraliydro»i^ aplitiiyl :-; 
.hydroperoxide (62)* Similarly#' j^eimene yields the.' 
tertlery hyda^ peapoxlde. lif# end not the primary ” 
hydroperoxide t f  (S-3)* thas shewing that eutoxidation '
C~CvU
■.•. ■;■. if/ V:
occurs xoo» readily’at a a asadtssasat
earb«m .’ate®* , ■ ■
■' fhe mechanism of the aatoxidattoa in similar 
to'.that., described, for oletins#' for example!
o* and ■ peafoxldes ■ '••■;. -.V'-
; ,fbe/<^to:xl&att©n o f conjugated-' d ie s e l o r ;
eojpojin&si o ften  leads to " lt4  add itio n  o f m olecular 
oxy cn ear&$a the diene system# ■ . Where, i&e diene system 
is  enclosed in  a e ye lle  structure » as in  imien# and 
o?mlehexa^l 13~diene' m d 1 12-4i2sydrawp^^8iene «: auioadU* 
elation usually  gives a eyolie'isoaosierio'peroxide CS4)t 
• tniV where the dieae is a linear compound* or whore an 
^ s a tu ra te d  eide~ebala is  conjugated w ith' a besseue'/--' 
r ing# polymeric peroxides are'frequ®&tXy obtained* flm a  
laden# and i«2*dihydronc:phthal«ae# on entoaddatlon* /.give 
tb s ’ ^ d e ^ eroxl&eg* ¥.. end If I#  resp ective ly! but M ta d i ene» 
IsoBreae* 2i3«dteetbyXbut®diwet- m0tliyim@thaoryiatof; and 
styrene' give- polymeric- peroxides (65# 6S)#" - h im ilsrXy* :
Oz
erg^ siei?oi.‘ in i&e presence of
Me
Me
' HO
til
c<|Hn
:" f rma-sanuler peroxide# are eleo formed ihei* eertata
polymelec? hfdrooarbonsr undergo imtoxtdaiiea in  the ■/ 
presenee o f gsmXiglit# ffc^s m ttiraaeae (68J and &*ngf %£ .. 
i ts  related eompmmds aai molecular es^ rges* aero as the 
9*10 positions* I&ibreae peroxide 2X and scrtciii other 
anthracene peroxides containing one or'’more aryl^grbupsr
in the 9 i§ positions# exhibit the Interesting
.phenomenon of reversible dissociation* tebrene# for 
example#., gives bright ..red solutions in orgsnie solventsi
I f  these ere e ^ 0 «ed.;to..iaaL«;,aetioa o f H ^ h t  end s i r * ; 
the eolour end fluorescence .ere le e t f  t a t  are regained . 
on heating#'- IM ®  had been ’Shewn .to f e e l i f  to..the iw #r«* 
; fo « & tic n . o f the eolourieee yuhrene peroxide i .
&* . ^ ero^ dee.ehtslaed,/from..eldeh^ ee
; ;f#ro^ eoida isay he prepared by. the "
fm oitoptiillo attach of hydrogen peroxide on a e&rbaxylie • 
acid*'or. by .the eutoxidatioa.of am aldehyde# ’ Bry aeetal**- 
dehyde (6§}# fo r exsrsple* reacts with oxygem at.low  
tenpemturee toi giTe peraeetle aeitf sad pexbeaaole.; 
cold is similarly obtained from. bensaldehyde (70)* flimm- 
reactions mre sabjeot .to catalysts by sunlight*.-, fhe 
Intermediate radicals formed. are resonance: e t& b lll aed# . 
partly by the carbonyl groups - p a rtly  by the alkyl ' ' 
or aryl eabstliueai on--the oarbsnyl- group* ; .
W h ® 'm e < & m lm :Q £  toe reeetiea v fox& d therefore appear ■': ' 
■to■■'be-.a®' fallowsi
; ^ I t * *  0 #  - #  - * l t
■ ■  V  ■ 0  ■ ■ 0  ■ 0  -  §  v-.v. \\ if * 11 " If ■' '
10* ; v: ■ 0a il000* ' 10001 V\* ' BG* "
e*- Other pei?oxides
; ’ fn: ad&ttioi to’.toe eleeeee '®f tesipomi® 4isoua^ed- 
aboret toe feilowtog alee mderg® 'aatoxi&atlGft to field 
ptra^ddest1 .Others* e'arba&oles#' 0rigpasrd
/peageats* pmte-* end &e;m**0r f l ' ei* iu~ea* -. end sleohala* 
Bepreemt&filre. exssplea ar® givem to toe m m m p m i j i n g
g / . I t  la probable that e ll.o f ,  toe-above re&eitone’ 
proceed/torouth toe to to m e d le to  fo m a tio a .o f toe - 
appropriata f r t #  ra tto a ls *  - lia g le r  and h ie  eo«*worlcera ■ 
(SO) have ©horn- that hexSM&rfl and p®ia**arfl etheaea 
'g ive  normally to® diaXifX 'per©3&dee#. hat to to® preeeaae- 
of.hydpogea:doaorat auto as ptrog Xt®%$ to e ' eorreepoadlag 
Jsy&roperoxtdea are' obtained#' ■ this might be' a^Xainad 
on toe bae'le o f'to e  followiaag meeheeleet ■
(i) Ar^ C«*  ^- — —- . ■ 0 Ar 0^•
, * ** iMK# ' VJK W WWA*-W^  WMjrfWitMw;. *%w ,
Compound i Provable Inter- ] Prodaot j
".t me&iate/lla&ieal- ! ?i : :v
. . . J  . ;. .
Reference
25 tiiera j
■: ^ M^ieonroOTl ■ v y  1 
ether • ■. f
Jetrahydro-
fur an
,
■/■'>■: ■■:" ■■■’- ! - 00a’ ' | | -■ .- :
Me20~O-Cm$z ' . . ; Me20*0-Cffl®2: r
l i e g t C ; 1 ■ Meg0«»0*«*CM@2 ■;
:\:D; /' j ^ K O O 00H ;
CHr CH2 ;<?Hg-CH2 j
: ill, CH. - iCH," CH-008 t " i
: \ 2/  -■■■:■! \ 2/  ■ . : : 1
71, 72 
73, 74
. 5 A  ^ ! doe i
: Oarhazol^s j ^  v ■:- 
, 1*2*3 *4-!2etr£h.y&ro~^ jj | j | || j ' 75
: | :■ " ^ earbaa-oie' V.v*'-: - j I ■ j
.: -I? : :•/ ;. 1 ;,:, \ ' 1 / ; ,'v •’. \ ■ ';■ - ■" ■- . 'I'.-.- - - :• ••■' • .•■ - ■i ■
Byd^ mzones
■ • . a*
. Aoetone Fhenyl- 
hydrazone
. Me ]. ^  i : ■ :■ 
- Ph-K=I-Q. 1 Ph-H=N~C-0CH | 76, 77, 78
/: t-feV''Me.- : - 1 :
1 ■ \ . . 
; feimard Be agents?
■ -Butyl Mag- { : Me:c, ■
1 nesium Chloride : j : : ■
Me~0 —QOH
* / ■ '
- . ■ . ■ ’ ■• ■ • ■ ' -
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Bolyar^ rl" Ethanes ■ (■ ■:'■■:.■.-•
1 Bexaphenyl-. : ■ 1 .■. • Ph^C* ’
| Ethane ■ j . : ,. . '
PH,C-00H?
Ph_C-00-CPh_
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Cut) ■ tojCoo*' .♦=■■■. tojOit i A3?jO«wOO«"CA3^
v; fliw h©t®rolytie preparations of alkyl im&.arellcyX
li^ropewrldea^ which have mm yet been describedt ■ may he 
' alt^ Xatlo u of hydrogen peroxide* • Steee ;r: 
hydroperoxides ore- -iinrnriahXy; tho etsrtlng’ aifbetmeea v 
or .intermediates in the prep©raiioa“ of; other peroaddes- 
eo&t&tning-tl o ^ vQ gronpiftg ;when a".hetgxulytte mechanism 
is involved* ■■■the preparation of-these latter eompoun&a 
is dtaerihed to. a later seotioii dealing with the .■ 
properties of li|dropero^ ites»V; : ; "
■ ;'■ ■ 'Jlkyl' hfdroporosiites.m©^  It prepared-by- a heterolytle 
mechanism from the following alscyiatiag mgm&mi ■ ■ '
'\ ' .ehioridea..' . \■;•-■ "-■,
'W.alootols.
, o*; mtem •; ; •' 5 ".■ *
;'d* 'alkyl .ssfiphaies. end; sulpho&ates;. '
■: e* ■■olefins. :
M  investigation, of .the experimental evideaoe provided
by the . ahoy® 'preparation suggests that reagents a*fb*t 
and o# react usually by an i^l mechanism.* Sidphates
are apparently perhy&K&yaed W- ^?- reaetiea*., and.; 
■i^ i'-'refeiiioascoi? olefinir proeeed by. meleepfcille. atiaelc 
'of'feydyogon peroxide on tkev protected olefin moXeeaXe*
a* f rom eftLorides ;,'
In i§31* WieXand and &aier (SI) slmwe4::tliat 
telpher I methyl ehXoride reaeted with: JO^  hydrogen' v. 
peroxide to form trlphenylmet&yl bydropej&xide* ■ Under ' 
similar conditions* p^ aitro^ triplier^ XmetdjX chloride ; 
was recovered nnoteiged* tni’itodjaslng ©tsamie ol&oride/ 
as b catalyst* Bartlett €&&,.Qotsi&a (82) snoceddd in . 
obtaining ^ iltro^ tripheri|dmetli^ X kydropemxide*/ 
JiXO^diphaa^X^SiXO^iiiydroptroxiraatteaoeaa was also' 
obtained by finals! (83) from f *X0^iebloro~9 l i f t *  ' 
diphanylanttoseone when pyridine • was «@ei as a catalyst 
and dioxen as a solvent!
?k ooH
■ ® 2° 2 *' P ^ i d i n e  ;;
' ~: ’ " ''■  "   ?"——
,■: dioxan,
;: . If the above reactions- proeead by the Sjjl mechanism* 
onbstitmtlon ef t  powerful tXaetron^attraotin^ gromp* , 
Xile the'&«*. or p-nitro'gronp#. in the benzene melons, ■,. ' 
will tend to negate el0-0tron~release of the pheayX gronps
fey the operation of ..the effect*,thas dief avowing
vssximole-onlsr aikyX^hX©*i&o feeterolysls* /this would ■ eecouat
far the tmreaotivity of the s-eiitro oo^^vsd.above 
uolcaa catalysed by the .stannic chloride* which wold
assist: ionisation "by the fetation ’ of ike ptntaokXoride
ioa* vis*i J Va;-,; : -
■^•:-:/fe* IXeokois '
, Crlege# and Sieirieh (84) tore- ee&sed & of
.tertiary alcohols to react with hydrogen peroxide in.
'.the presence-of m:%^mm:&t concentrated salphurle’&eid . .
as catalyst and have ■ ©btalned the- corresponding tertiary 
alkyl hydroperoxides* - < (Srio&oe ’States that rri^ary and 
seooMarF' alcohols to not mm% wider the' above. conditions* - ■ 
bat laviss* foster*- and White (85) have shorn that 
secondary.alcohols containing- ■elphB^ arsrl: snbstitaents■-,: ■- 5 =■ 
will:react; to yield'the 'eorresponding'hy&roperoxtdeshia 
goad yield* •: for -example* ■■; they ‘ have shomi; that X**ph@syX©thyl*
: A- ■ :
dtphemjlmetlajl* «&& £ s £ $ 31 /
eleohols' are&et /with £0,* fcr$wgen poraaidt . la. the prescaot' '
of.,a eataXjtid''amoimt of coventrated euXp&aaela: aoii/. 
to jleld tii© eerreepo&Slng'hrda^pe^^
It. 1* toasted that’ these-waotiona proeee&'hy'. " 
ciic:0^1 meehsatsa involving allcrl^^gea heteroljrele in the x 
alcohol* vit;*! . : .
■--;';:gsa■■■■♦■ st:— - :;» ■' -x
• M : . i • ‘ ' ‘ ’
:;.' s^ v\-♦ ;■; . 0011: .J££gl^ roc-h .■■.-■,■♦ -. h+ '
■■■ s ' ■- ^  . ■ ■: :: '
3&e_ evidence i^oh'tos heen presented'to mpport. thle • 
contention is eavfoilowsi- ■;
' Cl) Siri^taralevi&e ce* : If i. thew reactions* " 
proceed \hy en 0^ 1- mae!ia2ii^ a# thea the rates of-.the' ' :- 
reactions shoaM he roa^Mj pa^ pejrtloaal 'to :the-eieetroaa** 
releasing iMXXtj of .the'gpeup'^ •'ia'-'tke-.eloohoX -v: v; ' 
CM*r ^1-hydroXreic'of:alkyl hcIId5S|Cp#':ij)#.';■': )c
A rtaetivity • eeqa©hee ;sueh 'ae the'.'one given in ■??» » 13-14 " 
ehmild ; therefore e^o-.indicate the relative ease-of . . 
reset Ion hr • this mearuJlto* '::fhim sequence may he extended* 
as -followsi . ' •^■■■:
’ ’ m 3 ^
< j>bCa- :^  Hs20a- ^ I^C« d  ' >‘
tfe SVeta mm te .this m%*tl%*€zmi*.
®!<>le z z k ^ S t  ^ 2 & Z 5 X  wt*r&i«& *ai$h&Uo cltc&sia 
or** net lu u ^%  to Cars. }r*t Jkr£ j$ *& x% #$$ ia iv,e y*rt$*uet of 
&i%£ fcyox-^a yerc-xldef ixt ix^H^TX s^’txr&Vd 
olccttsia i^::i m  ant Zzzs*^'?#! rt*choX«
r®fctf.'if #iir«§, 'ff'msif#^ 
gglfiiati# aci€. mister#! ■; mhatitnted .
sseth:! rcvi rvT: :;j^ iiil^  ^ f§r ■/.
exent#* t?i ^xieh tv<* 0^ 3 ?^,ts«^  ^if^trcr^rtXtarr to *he . 
seat #t- mtetitrll^. iii ■ wtf f : ^ n  t?>e hydro-#
peroxide evoT* vilh evj^ nxa y^jrerrldc 1* the
thtenc* of e&ielyst* &i*£<H; thtsjfplsettyto*tbttiutl
it nm rrwilvt itwaMa- ftrtxlt# that poly the
iiil'^l ftMiclitf «ii: msi W m -h ^m § w m ^^ M » $ ;: *iiarli# iti#i«rlf 
il;« M^u rtnsvivity of ta #&.*&& X;»
cn rtr&xid* le ixrcv^i 34-
liylr^ ea i® r**5>i4ly not & ciara^  ea^ <h sold
to proUnMc the i4 ir^ -T* of cad %:rx3 le-- ■ •>
prsriot* UnU^ UO'j* liytro^ ia r^ raxlda is
P ro %h.<i*«(» e a fission of 
band* either by • a eatslysed Sgl; 3f@a@tiosi|
iHil
i
■*•' H*0 : * ' S* ■ ♦ ." HOO"' . : € : ' .-' • .; V
m m
or. by. an msoteaalsaa*
80H.V- -E2
these two:.- mechanisms wmXl fee aaslagoas to those'. a 1; 
postulated: for the re&alio&s of hydrogera tellies ■ .
with ©loohold (4-3). artiher® (44)# Beoe&tly* Dario© 
a,! h m * zhora that’ -the reeotions of some
. alcohols with hydrogen peroxide proor* is «lt& retention - 
of. oonfi0are‘tion#' as necessitated’ if ea S^lg'-
mechanism were eperatire* ■ •
; (11) IrMtnoeof optical ©oilyiiy*. - :Xt:has been shorn
is rs*K station- accompanied' by 'inversion#''' AoIIys 
112 i314~t eirebydro~l~naphtteX besots tartth hydrogen peroxide 
to yield raoesio 1121314-»'tst3?©h3^ iro*l-*aaphthyl hydro- • 
peroxide (67)# .’ , fhia demotion tfaeretwe in all proha** 
bility.proceeds iria the li2s3s4*ietraliydro-l-iiaphthyXlm
before that the siereochssaieal ■ outcome" of- .the S*A reaction
ion# which becomes m
oonfignyatxeitf. -., ■ '.^ 7''’. "‘ ’ : ,.h;77
(©low)
(fast)
:, (86)* however* reacts w ith  hydrogen- peroxide
■ in  the presence o f sulphuric acid to y ie ld  the active  h: 
hydroperoxide which m n  then ha reduced to y ie ld  the alcohol
■- with overall,rscemlsation accompanied by some inversion* - 
" this-partial; inversion therefore occurs during the oxidation 
; ofv. the"alcohol * and is caused by tha outgoing OE groups .
.-. exerting.. an. aaymmatrie sh ield ing  e ffe c t on the reaction  
7 centre* . :
has been pointed out before (page 53)# since.
, hydrogen■ peroxide can under suitable conditions fom.atr«aag- 
■' hydrogen bonds#. the S^ i reaction may'operate te conimctioa
■ with: the'..3^1 reaction  where hydrogen peroxifa-■.la ' alkylated#
has .been, demonstrated in. the reaction  o f - l**phtnyl«*
.. butanol (86) w ith  hydrogen peroxide# when'the feydroperoxIda 
ia obtained with raeemiaation eacoxapsaied by p a r tia l 
retention of eonfl^ aratlon* 1* a*
Sfe-W'* ! s ; . e a : - ' m ' V ......
■ \  /  . \
■ cn ;g - ' >■ .cfi-v.u + »J? ' (a,,i.l/ /  A-. r:y
2&?r , UM , • ‘ gj?x
{Ectenit.em}- ■
C i i i )  Evidence o f  t r a c e r  s t u d ie s
- further evidence that alcohals reeet with hjdro^ en 
peroxide bar a mechantem. involving zllQ'l~QT$£zn tieterolysis
i s  p r o v id e d  t h e  r e a c t i o n  of a l c o h o l s  l a b e l l e d  w i t h
*0. - ‘
0 {OB}-* . tn. s?er/ exsmpl© which we^  studied* • the : •
fc$dp0p@r©:d.d@ ’.which %?as isolated contained only the ,'
' ■' IS•nomsX ebuudauc# of 0* She reaction must therefore ■
involve. ©XI^ X^ 2^ £.en fission lu the alcohol* i*t* .
■ ‘J|h^ £^SI ' 4" ■-. Evv I 4*
She r^  mlts of these e^eriseats are cxmaarised. la the
table below*' utoreethe compounds which were analysed;., 
is..for 0 are indicated fcy-m arttrlsk#.
(
m18.
1 H a ^G iC Q H * +  n „ 1 8 i
3.8,
18,m -
it salts' tf: n ■
pixraylme^ gdiol; l&iaiell^ d-with ' w&m to j?sst§.i:'
»*■*& p ^ ^ p o t o x l A t i "  ■ Mere- again*-.- the~ mmtion
proceeds h®$@?Qly®t$'-in' i$i& tXtotaX^ .
JUe* . : •
- ■ As- deeerlhed previously :{m$® 29)#' ester# ehose sXkyX ■
g r o u p s  p o w e r f u l l y  r e le a s e  eleetrona m ay undergo r e a b t t e a  -  
b y  .the, i n i t i a l  f o r a a t l o m  o f  a  e a r b o a t m  ioxt (the 
and lb© A^l meoh&al&ms)# ' Eaters' of the eleohels ehieh 
re&et with hydrogen peroxide y i a  aXlqrl^ oxygaii heterely&ie 
o u g h t  themselves also* therefore* w i t h  h y d r o  gen. V:
peroxide to yield hydroperoxides'*" t#e*v.:.'
B*CO««t0 B .a«CQp'J.»;.:.''-&t.-.' Kg°a ; ;:to® ■ v
, fhie h a s  been, established b y . the reaction of the hydrogen-- 
.phthslates of 112$314^ tetrohydro-l^ naphtliol9 X t^gotmtySU*
l^ methylpropanol * and X«*4i.@thyl^ i*phenylpiwopanol with;- -
/ ''■■*, : ' - ":'••• 1 ■■ : . -.i ' ' - , ' ' ; • '
, concentrate^ , hydrogen perc^ dde*" yltiding" the • corresponding 
. aXfcyl hydroperoxides (85# ©f}# • lu. «pport of: the ^ aggestei 
. mechanism* optimally ■ee.iive ■ X i t I ? 14«*i©trahydro-4^ aaphthyl ■'. 
hydrog® phthalate' yieli@\tht TOfeaiO;hyiroperoxidti u:v^ y. ■
,;'S : g  G.CO.C^L.GOg ;. v ^ V W : '  H
Batera ot simple raeSr^ rs end £££2S&as eleohoio* ,
srnoh as methyl hydrogen phthalate and .gggu-ootyl hydrogen 
phih&l&te wMeh do not readily yield earlxmtom ions*': Mo 
not tom aUqrl hydroperoxides wliea treated with hydrogen 
peroxide* Solutions of *suoH esters to hydrogen peroxide 
ere unstable and usually inflate ejirr one or two hours*.' 
fills may be Indicative of reaction by ^aejrl-oxygen'^ .rgr: : - 
heterolyaiSf yielding an unstable pers&ld* e*g* ■ : '
A  >..(/> . "5uoo c—oua . noo-q '■' ■■.>■ ^'.aeSl' ll.s2)
\ y  .•:.•■ ^  ■ • -u a , :;
: ’!•: 7 S e o c n iX y §  e v id e n c e  h a s  'b e e n  o b t a i n e d ' t h a t  * ; i s  ; i i i ■'; ;t> • 
thf:'r e a e t l o M  o f  alcohols with hydrogen p e r o x id e *  the '
Sgl;, reaction may also be operative to ''the parbydrolyet* 
of some esters* fhe reaction of active e thy toe f* Jlpliemylw 
methyl hydrogen phth&late v/tto 90$ hydrogen peroxide 
yields toe hydroperoxide wito- h^ hfiiprational retention* 
as la shorn "by’its reduction to toe '■corresponding - 
alcohol (89)# . She most-reasonable interpretation o f  this 
tou14 c^ oeer to. be to ieras of an 8^ 1 transition state#
La Me
- Kr^cvhtt ■ — — -— :— ►:Ph-
y  y  ; ■ 1 ■ 1%%' % i  ; ■ ; it . ■ it ■;
A* St&g&ctee and ealphcmaiea
fii© reaction of hydrogen peroxide with alkyl trolpkatea 
la' on© of %tm eerlleei methods employed for tk© preparation 
of alkyl hydropeatoxidee#1 ' to early as 1901 * Baeyer fend 
Tilliger (2) propared ethyl hydroperoxide from the reaction 
of diethyl mlpk&te with strongly alkaline hydrogen 
peroxidei
StgSO. S g % tJ 2 Il* . B«t304 •«■ StOCH _ '
Aina© ./then I,methyl hydroperoisdd.#; £2)* :ii^ i5roprl«; m d  .|M»* 
propyl hydroperoxitts CfO| tor# beaa eijaiXna&y prtparei 
from the #ortespoxding. i*Lt&e ail hi# co~'
worker# (7# Si) h a w  described the preparation of 
ifg$l£gg. diphatle fc^ dvcperoxl&es# saak aa ■
@1 ie^«»»e%3rl hydroperoxides# frtrn the ■ corresponding 
alkyl' aalphat## In the preeene# .#£ ?0$ atalphwi#' aeid# ■
Stos J^2l**hatyX hydrogen aalphatt ' ^ltaa the %ti%peroxit# 
end the dialkyl. peroald® in 65^  ©ad 5#. fielit# reapeoti'rtly#
K a.C -0*Sa„*0H  3°''4 H2°2  K®,CXH -+  I  «_C06C$Se_
■v - •> 2 “Tsnqsor^ -' :2 2
- ,* ■ ' 66$ ': *«*■ ;
. -Mo clearKrdt widen## for the mechanism involved in the 
a#.id*eetaly8#d Reaction la eveilehle* .hut it is-likely
that hath aie lairolirea* la
s lte llii#  M#diat: oa'tfe© .'Othe:r head*- the reaetiea may fellow  
eta Sgt: meehmt emt : efoeye . the.' aaeleephiXie ' reegeat-: la : met: the 
&eatral-: l^ d3?o^ea-: perdxt€« 'melec^e^-hat . the. mwe- etrph^Ljr 
meXeephilie B0J eaioa*h'fhte ■■•!»■ the' fae t :that
,t>yimayy:'altol eals^ iatea feass hytoopejpoxideSf vm^m 
eonaitioas* at least mm r e a d i l y . .ae p^ Qz4&x&t a&d; :..^ .eytle*3r 
alkyl sulphates# ;. Moi*# etldeaee that .theae m-su&**
Mans uBfier basis eoHSlti®3,.ew  of S„2. tyj>* tea ^ eaairtljr 
hem provided fcy w illiam s ead Mosheir (93) ehe. earrled-'.eat. 
the- tellowiag;.eeriea-' ef- .reaetloaei ^^
ehere 1 « :2<4i@piyl* ■ She-.oheeryed ■etereoeheaddal.'toteyeioa;:, 
ernald not .hare oeetxrred. i n - •reaetioa- ■( 1} siae.e 'this.. doe#f 1 ,■ 
ao t tw e lv e  the teeelciag of the M ; t o M f n m  in  (111) ■ 
sinee ' reduetione of this tppe seem to .oeew .with. yeteati©a: 1 
of eonflgtfratioa' (8 6 )* '.'6year fQfl im m m im  mm% h a te ;iheye^ 
fore oeeuxred la .reset ioa (1.1) f preh&hly hy a» ■ ®eeh8&is*at
Mikli^a0#$Oa.Mt .2 2 ^  BOOH
<?r|5 #2G,f6 ; : -S.S6
E©0 S-OSOgMa *~s~~*-HQO.»K**Q£>OgMeslow fast* HOQR * MeSO* "5
e# Olefins
.' " In order to provide irapport for ..
of the formation of intermediate carbonim im m in. :V. 
the reaction of hydrogen peroxide with alcohol# and 
esters# E&viaa cad tils oo^ worter# (25# 8?)M;atndiad tht 
'reaction'of a number of olefin# toward# hyirpfsa: peroxide 
containing a trace of ©xiplmrii ‘' acid# fa eitfin in 'which 
the r?~eleotrono are polarised, will 'undergo': pioibnatlof* 
at the end of greatest electron density producing ©, - ■;- 
earboMw ion which will react, with hydrogen peroxide 
is form t^ o eorresponding alkyl hydropefoadde* ■ this 
'reaction tea b#« estahlisiiat in. the preparation of . ;
Jaydrj rosite# X^ti%X*4» ' - 
methylbutyl; feydroperoxX&e# and t.ert^ ^irA. tatoqrecroxl&e 
from' the corresponding olefins# for example# 2^ eilaflte-W 
2*eae; .reacts as fallows# forming teri#«*&garl hydroperoxides
- t - . ‘ ... ’ ■.-■■ ■ 1 - - • ■■• »■. * - - ...... -
. ■ cs, ai- oh,
1 A  + | 3 r^..t j-. 3
cHj-. o ■— »—  cHj-o—ciigCiij
' - OSS
f* f Q ® r& m m % tpn  ® t witii e&s^ r ^ j%
Y- fa a s’olire&t m m h tm  t^ &*>$-,? a peraatUt*
sifJs ta tux «3? I m t ^ m  is $ ® m  ft t^i^T^nl'k^t, -
(24)# i# t*  ■ u- yy"
' i ■■-■' - ' .»;■'■ !' .
.,-. s,.=jftt_:cr - c^4. v^:., - ^  • i,t—  c— sou ' "
lif I .-■■ I
■;■■> •/* , ■.",.}- . u  ;
A issoro p$X»* *$lYtaV etui?* t&e t a r t l n i *  m n & u m a t lv n  of 
t&$s$ ppodaeta wklea ©*e Iiifiitii f  ip m e d * .- ■flu# i& ',
5c£ IijC;rs£ea poimits es>at&lftZtt£ tt^ao«atratcd ■ ■ ■ •
h^aroc&laritt eoldf yields XtitSfC**
t^trs^dr^eror^ ,v $ Isiesuxa ti) cad £rxs ey&lohexta&aa 
a# Ifs^ % hm six Cif£>r*at s M O ^ h ^ l  pe^aatdea kc/rt
3#h* Shrcpartlea
iiMt thin theatois. oonoexaed mstoXy with the 
.hetexolgrtto .reeetto&a' cf organic percgldea* these
m m t t m m  toratotog homely si a fir# dealt with «lj wary 
briefly*',.
,3#h#i* no^lytl©:. 3P0©dti6ll8
A c^ Trretetdel peroastoe'of the’typ® to which.
the eleotrie®! effects o&.the 0**§ lomd ar# et|,mitalent t 
will he mow easse^ ptifcle it hemolytic' fi eaten then. eh 
mspfmet^ieal peroxide, of the type *• * to which the 
electric el effect a of .Ahead tf we different*.^  fh® .CM*
-hood Is ireaey mseepitWe towards 'feosolysi©* and all - 
orgs&io peroxi&eat with toe poesthXe'exception cf the .
:f@raei4Si ■ can.-6a .e&usad- to dtos.aoiato Into '©IJp&ayv .
i&fluono# -of Earl* ■ light* w  metals— 
;'witE:' a m l a n o y *  ; o£ the ■ ■■
;'.' pornot&a'. by;: tola ^ eauanism: maj pre&mnably ba eftor^ fetA' .
■!to tae'Taxyvfaaile 0*0 heieeliraia oauao&’by iti* extr««-.>;.
; elaotrtoal diss/metry of i&e groups carried' by too. .\- .. .  ^ . , ■■->• , '. ■■■.■ 
;’§«*0 .bond# /3?*rbcn»©io raid# for■ carnapls* t&tdcrgoes- ••.•
Q~w h a te y o ly s is  T a r/ re a d ily #  tirea  to  wes&Xy p o la r : ;
. .aolYoats roto&stohloirofurn 'and 'readtototh blofteai;©&4,' v
.-nitrogen b&aes. foraing the cojnras^ nding ethylene .axitea":,
,sad- l~0xidts: (97)* :. ■' ^ h V ’' ':
::;v:' m^ c«po-■■:’ ■ m  :p: ; »
■...■:;P-V| ■':. .V f . -. I ■.-■-■■ v -.■■■;
;. *0■■ ■ •.♦ S3 fe : *. : S&SOJI . .; ;h ; V; ;k° ‘
; $be tostability of'patoemsolc acid and, other psmeida . 
mseb as.' peracet 1® and parfarml# metda-jsay ait# be dm#* 
at least . ' t o  part*'to this tendency . t o  undergo fetil# ■/
■ - heterolysis* ’ Beazoyl poroxi&et, on the other band* ■ '
mdergoea hemolysis to, monopolar solvents-. or in weakly • polar 
aolT©nta# and catalyses the £r^ c~ra&IeaX toato peXym©arf.eation 
of - styrene and winyl. monomers (S3)* ’;' toXy to to# pttmet 
of a strong meleophlXle reagent. meh a# sodium mei&oxi&e
.‘benseari pMrexlfie he stede to reset* m%. by 
M i :by i**0':hsieroly&ia CSS)* 
s
. u She-products obtain#1 fxc% in# homolytie de^ ompositioa 
. -of .peroxides result from the siabilisatioii • of .tber'-' 
ttiitiilly formed radloal# by colllo&tfo&t further 
homolystst. • ;or rearraa^ ene&t cjrd dieproperttouotioa* . 
t o r example* Khareesh £| clitT (lco) htrr# shorn that, , 
ill# .produoia' obtained froa ike thermal deeompositieix ■
: o f ,i^ :p©pereyl&e in wmtmm /'v
,aolventB- at .tf^sraturea rsmglmf from X2S«*X7§': i&eXude 
meiMmm*. i* aeetopheasio&e* phenol* and; /
dis0tlijlpli#s^ lmetnaa0li,': t0 . eacplefa "the foimatioa of soma 
,. of vthese products*' they postulated the folloisthg basis 
-.steps'durteg the' '&eeos^ osliie&; 1& ©m#i&et
it J ) : U  ♦  m l  #:
 ^  * iwi
■tp
i€ m m  E is )
■ Alit
.involving h&mlp®l0 itew fc*r t reported 1s t «* literature* 
M ong them £~y be if. : •
CeorapositioTi cbserv&l f^r -low m ^ m t r o t i m m  of
•1 *2i5i4*tf%3^ 7tro-X-atpiitli7X ^ pdr®ftxa\XS#' te t#‘tr&lte' 
Mtaiiim tidiJi , the Ucbss^ialco $eao:< aoJtio 4 of 
/hfCro^ en peroa&Ae; C1CI2J if tti# ftrroms loa
,a trmefer r u ^ i i n ; vr : -
«4.t&e'Mo»er^3ohlo«S£ deaosspostttcn $£:hm m yt ptroslit- 
with esilaea (103)#
MgOg * fe^t ♦  »c?i *
'2 OgSgKlig \ + K0D11 * 2 (C^ UJ-tig
ESS
fti
* 2XSI ♦ 'r*5a“ ■'G 5
HeterolytiO:' reaoti©M;-vj; r ■•:.-■■
, Of ,th# . three lively aeehe»isB» of bend. heterolyeta^ '■
of orj? la itloirt the z tm m M m m - ■
>iqs0 h ':;v iu>/W  ":; i c S o r ' ' : /  s f  eon ■
' Car; - P 1 ■ (b) (•)■' :
i&woXwteg oxyge&^hy&rogea hsterolysts (a) haTe 'l<^ g. b a m  
established experlmeatally* $h© etu&y of wa^ geiMtxygea ■
heterolyeta (b) and the subsequent re&eiio&g of. the 
att«/ erntims produced in 1543 if Crieroe .
(i04) :-.®id■ ••is "etill in its- earlf 'stages of Oewelopsie&tt ' 
heter&ly&ia in the rowers# direction producing ©leeirev 
phi lid hydroxyl'has been 'ebserved as.-yet only in the,-/" 
per&eids*- Before'the preetat worifwas Ooaaaeneedt th&only 
‘reeo^ ateed ©xassples; of ellqyX^ xyi n^ heterolyais- (e) iir 
peroxides- were some preliminary. results" in the;eilcyl&tiQ& : 
0f-';eromati© ';■ eetfpoimto' obtained ■ by foster (6)#
■ a* Cxjgtn-hyireitn. heie»lyeia 
flits type of feeterblysiSf' limited to hydros a ’. 
peroxide* hydroperoxides*. and peraeids*- oacure laa. reactions 
©&cX&vy**a to those of the m^mspmiMng derivatives*
with the 'exoeptlon that the perexy *©etds% laMdag 
*eao3ieade~*tabilis&tiosi in the anion*.' do not • shew many '
of the ee^ hosEylif  ^
aoit0%'v"Etaetl®s Involving heieswlyBim ■
may :.M dealt ■ with w & e r ';the 1 ^ llo t a g  'Headiaga t; / ■.:: ■■J ; ; ■; 
r. ( i )  Salt to ^m tio n  v
(11) dll^Xatlen 
' '■ (111) IsierXflo alien, '.
;:■■ ■ u r )  Ketone addition 
Epoxide addition 
, (▼!) Carbonyl addition
( i )  f ic lt : Xorm&iion u —-
'■?;,i-,,,-jCLte^l hydroperoxides:,reeei,ieiih.ted clicaX|t 
: metal ; hydroxidea to yield the • eorres^pndlag jmetaX' - emits* 
the sodium ■©^'potaesim salts of imiyl*;
X^hcnylstfeyXi. and
hjittro^l^^phthyl hydroperoxt&ee ere fairly etahl# at; ;- 
roast 'tem^ er&tare over tt?frml, woak##;. §thtrt| lllce tk#' 
harium ealia-of methyl': (i| and ethyl. (I) hydroperomideet 
are.extremely wioetve* .^Semm- i??.eoM.rg hydroptiroxiie^t
on;treatment with strong. eXhall* w&erga . decomposition 
to :fcetoaee hy. the removal, eif a hydrogen atom "me a proton
Eany hydroperoxides* asett m  i ert»~1m %2?1 « » .
and t hydroperoxides* Mti been •
■purified -hjr.the aid eubsecueat acidification
#f their metal salts* ./ ;
i i i )  M k& im ..m  i ■ YVV;:'";
file s w  reojeuts which elftylate hydrogen peroj&ie. 
to yield alhyX lsfdreperoxi4e@ ; id.il' also react with «Xlyi 
hydrop^ ros&des to  &iT© dialfcy 1 -peroxitfisf mllsyX sulphatea* 
a lle y ! halitesf a lco h o l 0# estoy»* e le f i i is  t  p 4  di&someihaaa 
have a l l  hf m  ' moeessf oily uae&+ ' It la proMblc th a t 
the aX%yl&t£cn with aleoh&Xa' and' estera f »ccefe->y an 
B^k mechanism* sine® only those alcohols and- esters i^ ieh 
contain powerf&X alee iron releasing &XT?yX ^ romps* that Is ■ 
only those' which undergo al&yX^xygen heterolysia irery 
readily* have so far hem used etccca&ftt&y*/. ftas
e^^ Se^ hntfl* ethylMthyl^^pro|^M#tteX * •
X^ phenylethyX * dtphenylmethyl* dimetliylphmylmetliyl * 
end. a msmher of other hydroperoxides- react with-xwitiaydrol- 
end triphenylmctcneX' im glcd si acetic acid to yield .,’ 
the -corresponding xanthydryl 'ey triphenylwthyX derivatives
EOQix ♦ x*  sms ' ■ *' a *
(X st xsxitb$&z$l o f trlphenyl&etojl^ ,
Bj the use of tTlphonplmtitlmml labelled with the' Q. 
isotope the ©llqrlatloa of $ert#~tm%X l^wpepoadLde ;
fees been shorn to Involve <&3^ X^ 3gr£e£ fis&isiv ia tbt ■ ' 
aXeohoX (see $?)♦ hydroperoxide^ v
aimXXerl^  rscota with t^u^thfl^X^phm ijtpm w^ -
phtfcsl&te to mofti0^ gui|ii^ t^o^  melt to jleld
Me Me ■ ' ..h '; Me,'-1,:; ;:
o%»
* ' ■
.^tatyX.- l^etbyl«l»pUe^ lp3 p^yl.::pe^ 3dde«»':. — 'h::
;-. AUcylaiim  of :a!lqri:■ &yd»perc:^ des with eXefisur 
probablj' p3?ooeed$ yia ppelimto&ry- p^otomtiOB'ef the 
oltftof'-'thas: 2*aet £;Xfcato2«*e&e ©i tert»«textyl .%4ro*», 
peroxide le^ eulphuric sold to yield toarU**
te^»wsm^ pewxites'l^bibl^ bM .the foil wing,.. 
meohSJai®* ■' vhh;.. /
Me ' Me . He
I ‘f|^. 14^ I
8.CS»CiTau r-g-^  IIjCO* -GSgCKj _i^2£ BjCWJ-C^ Kg
.* A^ aOOH
• , A lky l hydroperoxlded be fu rth e r' a lky la ted  v w ith  ' .: 
e l]c y l':s u lfa te s  'uia&er a lk a lih a j den titions, y ie ld ing , -the:' , 
d ie lfcy l .'peroxides|, these eemporniSm. a re  aleo obtained*;.;-;: 
presumably' again wta the hydropewxMeei ':WhtB, a lk a lin e  50 
hydrogm ■peroxide. reacts w ith ; a lk y l - salphatos* fhes# ;  ■ 
r ta e iio m ; probably; pros#c i■ by - ,e&. SU2 meehmism* , i *  e *;,; _
»2S04, 4. H202; ^ ^  i$0&.B,.w02.0Zt: S 2 i '  BOGS : * :: : 'b SQ M
:' ■". 'r" ^ 1 - v  " "
.‘rook ♦ ’Eso.B:;-£2S\::E©S^,E,,e33»aX2fi looS *-■ 'b»so/' "■. ■; 4 . . - , . - 1 ■ p  V., •. *  e :
■A the-' reaetion'- of' jhydroperoxidee with alkyl.:; 
halides probably- 'also/ ;p.rohO€ds by an ftedhenisat* IMi 
was 'demonstrated by ■ lomblitm ■ and Dele Mare who showed that, 
the reaction of petasstei peroxide with eotiwe
1 **pheayl ethyl: bromide gave sotive- Ttert> ^buiyl _ l»pktnyl ethyl 
peroxide''with substantial eonfigoratlonal inversion (105) I'
i'AW- ' ,.:*h. ..L : v' ^  - ,-■' Bl v"; : = :vi;'
■%hgg‘*^ In -bj? ~— * %uoo-ia' —  ■^a3H. HQ-Ja':
j , I ■•
( U i )  B s te rifto e iio i’i *■>- : w •'
ttm^r ors&nio perest-ara haire been pr©pai?^;.bj-tbe-; : 
reaction of the metal ©alt of a- hydroperoxide- CuMtXXir .• : 
t h e  % t.T±xm  o a l t )  w i t h  © a e e t d  c h l o r i d e #  o r  b y  t h e  r e a c t i o n  
o f  a  h y d r o p e r o x id e  w i t h  $ n  e c i & c h l o r i d e  o r  a n h y d r id e .  . 
in the presence of a b a e e  euch as pyridine o r  m a l h a l i  
h y d r o x id e #  K h u s  1 - ^ t f r t > * * b u t y X  h y d r o g e n  l - m o a o p e r p h t h a la t t  
h a ©  b e e n  p r e p a r e d  f r o m  t h e  r e a c t i o n  b e tw e e n . p h th e X l©  -''. ■ 
a n h y d r id e  e n d  t f  r t »~ b a t f f l ' I  ,*1 1 p -o e ro x ld e  i n  t U *  p r e s e n t e r , ; ' / .. 
o f  p y r i d i n e  ( 8 ? )  p r o b a b ly  t |  r  m e c h a n is e  t . . :
%;:^ ,,r ' %aecil B : .»/ f a ^ T  : '
0
I —-a 
(?"
4,aOO,CC.C6tI4,COa" + l i l f ^ s  ' + AiaQC^CO.Cgll.^
. .'• S th #  3*: p t  w a t e r s  m h lc h  t e r m  b e e n  p x « ^ < r e i : % y  t h e  a b o v e  
methods iaeXtxde methyl paracetatt' (t.) * methyl; and ethyl„ 
d i - ^ x ^ j ^ h t h c l s l j e a  ( l v G ) ,  'h ^ s m p y X  A t - j ^ g g p e r p i i t b . e l s t 0  
( $ C f *  a  m m to e r  o f  p e r s s i e r s  ( 1 0 7 * .  1 0 8 } »  » o o o » '
>av&-»Q— 0 i%XlOQ**Q-
goa -ai~tgrE, -iKAtyl ■ tX03)» a. waftes* ©£•//•■■■/■■
1-ts r f»-slStyl bjfiro.eea l«ffl<»02«*!pht&tlete* ('«7* Ufl)» / 
e»sd ®-4e©clyl pcrttersoate ( 104)*
U v ) ICeten© a&ditiom
la  & maaaer tmaXe^as-ia the addition o f ©Xbohol© 
to feoteae* to £iv© ths oorx^^oadiag ©©tors* it tms b$$zi
shorn in a Patent (XXI) fhrt t^ jdroporoxidc-a react 
'BtmilarX^ r acid end nmiraX coadltions to git© the
0orra@poatir*,g pt.r€aters# X&© gfeetPIoattoa ©©t o w  a 
wide ;rr ^  of. eld©-* and lct$#^ tetenes and of hz^2ropemMim$ 
imimdiMg k j d m p e r ® M M m : A-oHp^ mv/l sRabstitae&t©* 
for «ampl#i, : . :
h'. ;:m£(U®2)QQB '■':,£ ■ 'j& g e & * 0  —- C 3l.C O .C vC (K «4 ^  y
fh ia  reaettoa t© iatereotteg boome© i t  i ©fforddr t&e ©nigr"
1m m  method fa r  the e s ta rifie a t* * o f t lt t ji. wperoad.de©
iriif. aoidio ©onditicms* BoTOver* • a©- ptsgreioel ooastwt# 
of. tho perester©- nhioa n» ©i&lmet-are &*©ted* ■h,hv ■ = "
(t)' ' IpoxMt oddities*-''. ’ . ■; .
". ■; '■■!.■■■'-. saraseH 'end-fa$ae Cii?) ,!»to reported tbo- 
preparation ©f J&si,**tat;pi ■ p©roaftd# fron flit
reaction of etbyl©nt.-‘OSl&© with b^droperoaddo#
40^! used ena datoXgrctp
^suooa + ch~— — T? //nai '%■..» / .oAaaoo*
* W S M %  - « s«*
flie;'Xiiaii'-; produat-'«as 'identified. .bgr. tbe. prtpamtion;' :■■;■
©f Its crjetelXto© 3 f5-^ JUt4t»a^ 5^esetaso^*b^'. -;S :'
Cfi) Cerbonyl addition ’ ■; ; J ,-
to analog with. ■ tb© ■ reaction of ■ mtoslaoXi' ; 
with aldehydes end
eXlqrX hpdropcroxideii roeot ©Ath .the carbonyl group ■■■ ■■.
CQ follow©$
^ ;to;j- .:..;BV. ■ >0^  • m_- = :
\ ■ : ...v ■ \ . /  . n^ nni x
■,:h ^ : :;.':>7 : Off ; ;-: -h;!. ;lfx-:.' ;OOR*- '
fbe$©' r'©aailQr*©-.'©r© uraoXly'carried out. tot the ’ pmmmm of 
a traee of m .rtoeraX ; acid#. . to general t ketsmea- apptur 
to giTO'-toe'diwcroaqr dertoeiiire ■■{£?).’more■ wadiiy^ttimV ;. 
do. -tot eldobydeof:,which .jritld the l*4^ tr©x^ , ptroxiits',.{X)#-
t n  exception to th is  ro l« i fce&saidehy&e* th#'©; 
aromatic e&rbonyl oornpomd which has been ©horn;;to - » a t t
fie ld s  the dlperox^ eo&pomd when treated with cat excess 
o f t^dro peroxide (1X3) # ,:
BiCIIO + 2 i^SuGOH ^=±' ■ »a~S3 <■+ "■ ■ '
;N00%a,' ;■;
fhose peroxides hare fceea Uxomt to,. W/Teasr •t f f e s t l r t  
satelysta  fo r  the p o l^ ie rie a iio it o f end
fsaethyl ethyl ketoaxe peroxide* (XXX) - end ^ g ^ leh sxsnons.'. -
per#s£l&e*\ (XT) are. .sold e s » s r o is l ly ; f a r  th is  ptupose*
(1X1) (W)
\ >b* hetoroXysX# '. ' •
':-. A 'tm ^m  'tot; t i w o X i f i i i g  oa$'£en^xgr&ea 
■ hete»X y© ia 'h&tto hern d e * r ib e 4 'te  reoe&t years# to " '
^ would he espooled* these reactions oesmr most' re a d ily  ■
■ im h i^ iily  p o la r so lvents*' whoa the groups on eceh end tot 
■ th e ; (M)- bmM. ere e le e tr ie o lly  Sisatnilrr  than e w & tin ^  ■
. 021. i n i t ia l  ..eieetrioeX TObaXeaetof o f th«'O«*0 nr#
. subject to- co ld cata lysis*. \fh e  K0* io n s  which "ere ' 
produced* Ilk# the better Imew reactions ©.£ eXtetroi* 
deficient If ©a&.. 0..,,grsnpa* art lh€$i stabilised by 
nueXeoyUllle i a t r c s ? o X e e i a X e r e r . f c y  le s s '
. o f e ;papoto«*-; th e re  are iu& iea iiona  th a t the ra te  #£
0**0 hetereXyele' is  sub ject 'to- a eynsrte tie  aeeel o ra tin g  
effect tm u  the group 1* .
(t|. _ fieeompesttio i of' pereetere ? ,
. Cidegee and Em^pw (104) I w d  that- the :rearr^gt^ 
meat et 'S-MaeeeXyX perheKUEOste (1) eeoura moat- .rapitly 
to solvents of highest lent©im$ power* ■ .fieooa^ oaitios* 
is  m b je e i.t©  m eii ca ta lys is * the 0*# heteroXyals 
mmms&Mg in ' the sense th a t would lead to  the form ation 
of the reeoaeBoe*etabixiset- benscat# anion* ' Xho 
S^looaXyXoxoaium. lorn (II) produced rearranges to the
c o r r e s p o n d i n g  Sil 0  ether. (Ill),with ;t h e :i. ..v .,
transference-■ of the seat.. of positive; charge', to-, the ■ 9-tarbon 
atom* - Eeeoiahination of ..this. .rearranged... c a t i o n .w i t h . the- -
hensoate\.anloa’ fora# the benseete of the'-.hea&aeeial (If) . ’ 
^leh-i^ en';^  hydrolysis * yields baa sole sold end..
(T )* ■ I##*,. : ‘ ^
CD
V ; wnilniilii.j*. ; I 0
(III)
(ID
PfcCO
♦ ■ : &&0]
■>
■ ' 0:- “■ 
g-g-®h
f ^ k
©risgee has f u r t h e r t h a t p e r e s i t r s  
is dependent on tne •push* of: eXseirras by .the. eihyl:':""' 
group end the *pjlln of el©et3^ »#;hy' tha-ccrboxylsta 'y 
group*-the. eevbired remit- of these two effects being'to', 
polarise- the . electrons of-the.-©**© bond# 1hen this 
polarisation is-very powerful*. :- the" pepesier'loses its ate** 
Milty* "sino#" exygeiwo^^ii heteroXysie. is facilitated# 
the /BO* lea which i® produced Vvm m m m ages* bee&uae 
the sore”constitutional f&etor which. will increase the.... 
*pntobP-' q£ eleeirona. in the alkyl group will also faetlii&te 
remrrmge&eat of' the &0* ioa*; ■ X’bus* while .iea^^mtirl- ■■■■)■'" 
perbe&seaie; 1® relatively stable at room te^er&ture*. - 
triphtnylmetliyl perbenroate■ (114) is/knom.’-'oaaly as .a-T. ; ;'V 
postulated . trmsimt teiewediate ■ !»■ timing the' product i 
of .rearrmgment*. .this f&ere&sing instability observed 
when'the.alkyl group is: varied from ter$»*batrl to.. ■’ . . 
triplienylmethyl eim be ascribed , to . the., corresponding . 
ioorease in-.the electron ^ pisl#:' from the- alhyl group 
in the.perbmsoates*.:. similarly* while- ^ .^ rt^ ^butyl ■ 
peraeetate*. perbsasoste* and- Myircgta per^hthalatev
'relatively stable oonpowds at room te^cr&inr%
lert*fbirljrl perforate rad iriehXeTOaeet&te* if prepared*
'■mSgJrl .tor bo m a ta ilr  ©ojgoua&s* Crlegee lias . ,
eetoally demonstrated thi^^.ittateW lity fee to too-:^|nilI#
o f nlmtxmB  by t te  eerbozyieite g m ip in  showing. tb * t '
^A^asso«t# oam. 1)6 Isolated as t t e : : 
/mnreaiMmged pewsta^f • all - to prepara the
0O3fwsp©M,i»g: teiotJloamaoaiat# » in idaictette eleoia?on 
^pmXXf'la  -te  $&e ;& ^ la tio »  ;of: tfe# ■
=.'3roax*3p&igo4.pr©dnbt*3*®» ■-■-.••
00 H «*00*§ai
Cli) - loid^ a.tal^ sea ^ ooo^ o'ettXea of l^roperosld&r1!
aul -tiaXlcyl -peroxide# :' '■•:■ ■ -h .;-vi- .'.
; heterolysie tea,-alto le n t oteerred
in tte aoid^oat:al^ 'se4 desosapoeition of a f i t t e r  of ■ 
liyd.roperes&ld.as end'dli&fey&. peroxidee-i^ -' In  eyery e&ee ■
the dooais,position, follow the ^ esiersl. tears#! ■:■■'■•,
eo-csj* M L
(* 4>
p.o- or.*' I
ll
<*>*$
r
H
io llo w tl by rw m ac,eacat o f t t e  M * “ io n . an t' m ^rnem ^
mm ' in  v % m m :- #£ tfe* l« /
aboim* into a i^iol Cor.elcos^l) «-*i a eerb<aa$ri sio^otmi* 
fttralin h^ropeafoaclde# e/or^ia* mfer^otS: a#t4 ■ ' 
d@ooDpS0ition as follows (i!5>* '
11 CCS
a1
0 ^■>V' X,^
f*ftU>:
2 . . . .  v .
#' §1,
.■■*■■■ - '
V w <ca2)9 ei2) ciio
Slizil^ l^ t e rol^ex^~m?/i fc^ dffoperoxide cirea frol^» ; 
p<sii$3#t derlr&iiv** (1}» ill* iTollo^ in^  neclitfti&j (XX$)£,
CUO
■
«ia 
mm
c r
vjcncci
■while iiySrosefOKide.givea s-eresal' eatft formaldetayS.©
(115). ; ;u, ; ! : 7
■ ■,.-■><• ■-,■ ■ i -■ ■ .■ ; ; ' ' ■' ' ' - -
(111) . Base*mataly®e& decomposition"of peroxides. . .. .
■*• : While m®att«rt«-alia/l hydropesmides and pa;mxidea; 
are stable La the presence of fesges* Kornfelun sad Delaware 
(105) hove shown that diaXIeyl peroxides and* fey analogy#^  
alkyl hydroperoxides, containing a hydrogen atom attached . 
to %lm carbon at ora bearing the 0-0 group* suffer degrada­
tion if treated with bases saieh' as alkali hydroxides* 
rodima ethoxi&e, or piperidine# ■' to the presence of 
piperidine* • tow example* l**pteiyletiiyl tert»-but2rl peroxide 
decomposes exothero&lly elvinar lert«^ hutsl alcohol and 
aeetophenone* ■ they suggest-' that the--reaction proceed®. 
fey b&*e«»eat&Xy8ed O«-0 heterolysls*
r.v!" ■: V . v .':, ^  .. .,
ii »&g wi^ whi. jun*^ -'#* ■ 0*0 ■ oOMe^ ji - - . 3 . . * . o
. . ■ «3 ' '.■ :/■ ' : : v ■'.'■'."'■
j& though' little- ftether vs oris iiE®; been e&rried . out 6n- this
reaction*.; it might fee- expected to’fee fairly general among 
secondary. alkyl .peroxldio oompouMs# , flmsEOrnfelm. eM; - 
Molt*are suggest tkat/the preparation of. 1 fgi3s4-i®tra*»\ 
kydro^ l^ oxo^ splitlaalme fey the;'action of sodium: hydroxide 
on’ii2i'3i4^ tetrakydro^ l-*iiapktlayi hydroperoxide follows- 
a similar route»' &*&*
l«£henylethyl hydroperoxide similarly' pd$F|§tt vigorous ■ ; 
decomposition., into >ee$ophe&e&e w hm.the yeaeil©&/.is ,;' 7 ;.t 
carried out is  the presence- of. ethaasu&ajsi&e/at Mroa f  • .
(iv) ' Xteeompoeition. of diaeyl’.psyoxidea^
•*■ > -; v, '■;: She:effect of polarity promoting 0-0 heterolysia. 
Is .-.clearly tfmenatraied lath# ed&p&rieou betwee& beaxeyl' " 
peroxide end 4^ ctho.xy~41 -aXtrobea&oyl peroxide the 
symmetrical bemsoyl peroxide* w iiti a n©&*poXap 0*0 . .
decomposes prtaarily by a’ hemolytic meebmiss:*, wlicli.. is 
only very wea&Xy catalysed by .strong mineral aeite (Xl?)«...
In the msysmetriesl .4^ethoxy*4’t^ liro..c®»peQiidi ''eXeatroa 
attract lorn by the 110^  fi^td electron release by the
©Me group reinf©roe eeoh ether,In polarising, the 0*0 ■. 
bond-' in'the-maimer shorn below*. fMi eo&pound new showa " 
e'proaouaeed .teaaeuoy-.to deeoLpose by a heterolytio■ 
mechanism* "which' is subject to < acid catalysis* the , 
cation (XX) which is initially foamed is stabilised by'
%***-:'
migration, o f  ih# ';..aj?dmir&te _group to' - f ie ld  - th e ' rearre% #& ,: 
oat ion {111) | thiss then re&oto^iidth the  ,
lorn-;to field::tho- ■ Oa^omi0woa2%oiflio- r*n h fd rid e -(If)...:..
(123)r- ..:, : ■,. ' ■ '/'T
Ke0'~ V : ^ 7 ^ - ® “°-°-% : — — *■■ OgS^J^-s-o-
■ ■G r  v "  . « K  ^  ^ ;  ■ ■ : v
ioo
K«o'-<^ ;- >p— S«>0
o„s - r > 4 J - o - 0 ■V^ w
Cf?3
phgp^:,,-:' d*.; gen■ he1ierolyste-.:■-.,;';■ V ■>’v'h:.-.-'-. ■ >.:. ?/,
oontateing-jowe^ f^ .;^ ;^.&Oiitttae its  m icr&o su b s titu tio n- 
into:! the of eyssaotricsXly ■ substituted
t f i ;mlkoxfh@n£®n0t*:: •.’: f  te s e  re&otlon® are subj eet ■ to &eid, ■ 
o a ta lfs lm and proceed# presar-sbly* f in  the formation o f 
■i&torsaediate oarbonimi"ions#■:.: fo r  example# m n th fd rf l  
fcfdroperoa&de resets w ith :li3$S*trteetho%fheitBeiie in  , 
eoetio a d d  solution to f ie ld  %*»%c rthyd3$i«»l 13i5^triiiietho35f. 
benzene# i * e *  ■
LSit thoaretiesil is^ Xioattona of this re&etlcn will be
tisomssof m o r e i o t »  on. in;tHis;;.woi3£; fae# wagons )
T m  object ©f V m  preseat woa$cwa&-% o toveattgat® ant 
:■'to': extend to# teo^ ltitipr of- some of the hetoroXFtlo'rr©aotioaii 
Of peroxide# described to tor preceding section* v: S&1* . 
•■■tevwaiigeition wes to toolud# reaction# of aXX;/toe; three 
: litiereXytto types* irto** o^ gen^ oxygen*..and . ■
, %trogoa«oxjgm fceieroXysew* - ; ;
portlauXar* the intention wes. to fxrid out if ' - 
^ m m ides © e u M  be todueed to-undergo ^ «imoXeauX« 
oxygen heteroXysiei-for'altaougli E m y o u  sad hi a oo^workers 
'hare demomstraiet that mltobX# idLoohoiOi; under appropriate 
conditional uadtrgo this type of beieroXyala*; there me.
- n o . unambiguous de^aonetratioa' of mttooXiomlar elkyl^aygea 
beteroXysia m m ^ . to©peroxides*
fbe replication^ . eat iimitatioas fMto would; aoeom»' 
pasty ©ubh an iirresti^ation. were fully r©©©#iis@4* ■ fit# 
poeeibiXity- of eompeiftiiro toroXirteg other type#
of peroa&dib boat fission* both homelytie and^eterelyile* 
ooomrrtog to eoajHnetien. with toe on® m d e r  tovestifaiion 
was #oreaoeai* Part- of to# object war to find out# with 
tot help of,-relevant current theory* under toab e^erimoniaX 
renditions eue& eoispetifiir#, re^cticmss eouid be..s&nimi&©d 
or OeispXetely suppressed# ■ It m m - else rooo^cdaed.that'
tbs- . . l i m i t s  -within toicb experimental - eoaditloa.e could 
b# yarted war© more rigidly prescribed.dealing r. 
with peroxides then when dealing; , with the .majority of 
other organic compounds# S h e  possibility of e x p lb s io a s .  
or* at t h e  least* molecular degradation# of peroxidio; ;. 
substances ©eeurrlsig under too s t r o n g l y  acidic or alkaline 
conditions* or a t  too h i g h  coneent rations and t e m p e r a t u r e s *  
w a s  a lw a y s  a  m a jo r  c o n s i d e r a t i o n  when. d e c i d i n g  t h e   ^
experimental sortitions of each. experiment* : ; ; . • -:vV;,
■ SROficst wwm ^ m 'Z Q fru Q J  m  sw : -a. :< n%T$.
g*a*.' fte ieope of .the M^mtXmm-,: . u ,• - ■
tlw so op t of : those. m m ttm m  W  .toito organic:; ■. .• .
peroxide# reset has bean dirr-sloptd or e3rteai.ei as--follows*
■: . m  O ^rgm ^^rogen tettrolysl*: -.,
'.;• A smniber of new ptroartoxfii© satara- hay© bean • • ; 
prepared by the extension of wsi&blished *r*t joda*- and .. 
tho ■preparation of peroxy aoatatea Iron teis&e tos %eea. 
investl ctrd*. .'■• t» poftioular* it tea been. found posaiibl#' 
for toe :first tteo to lsolato-l-^ rylelieyl.' poroxyeators* 
fbe metboda .of ■ addition ofallsyl'feydroporosdldes- to oarboacyl 
groups tew been improved* and conditions for its- 
reverse!-. .teve teen established# ■"'- fte - reactions by which 
©X&yX bydroperoxldea mm% with epoxide $ have been 
repeated and trite pts'teve toon iMe to extend this : 
procedure to'otter olefin'oxides*
- (ii) ; tetercXyais' and hemolysis
■' the ooeurrsaoe of ©xygm-oxygan heterolysis in 
peroxyester® hea bom eaiabXisted end developed in simple 
systems* more tolly than hitter to* and to© tost too os** 
position of xmtoy&ryl 'feydroperoxido tea been investigated* 
for- oomparison* tte ’rotetions "inyolviag’ oxygoa**oxygon '
hemolysis- in perexarestars hair# beam ateiiai*, ,;■:
.-;.v ( i i t )  ; ll^ i^ ©3qrgtii. heterolysis;;'
-;k v a# tof : heterolysis teite
was indicated, by the work of' fester. C@) ..ha# been .firmly 
e at &bl 1 eked "by tee d eaonsirailM ; teat*'. ;imier; eimil ar / /'''"/ 
conditions to those ‘ rn&er' which'eAeteoi* feast*: the ,' 
■torrei^ eMimg hydroperoxides and . CertsIn ©tear peroxides • 
wiil’. alkylate' mi table mdleopfciliis ;re%eatS'moh as' sodium, 
toluene -^ mlphinate* e^ aes*-.’^  methylene
groups* and aromatic compounds*'■ \ k  ok.-;'.;,, k . .:■,
5*b# Oxygen*41ydxogen liaterslysis 
5#b*l# ?eresferifieetiom reactions
• Ci) \W ito aeid anhydrides and eeid chlorides
Bote tert**frut:yl and tert***aml hydrc,; ©resides ’ 
have been caused. to react with coetlo anhydride., la. the p§* 
mease.-sf pyridine, to. .yield tee corresponding peraeetates 
iat good yield* as colourless litmMs with s'fruity., odour*- 
fliey :'ere. dlstillable under. reduced pressures;et.bate 
temperatures of up.'to -100^*;-:'without mdor0iii%..sss3r 
appreciable^ decomposition# ■ .At.room, temperature* teey 
are - stable for several 'weeks*; aM ■ for longer periods 
at. lower 'temperatures* but undergo slew decomposition'-, 
if contaminated with mtearel 'acids* mm of the products
stars* ;
. ' 't%  la interesting that these resotions- of ih
t w f *~sltei fc^&roparoxi&es oaemr somdititna
the corresponding .twt.ier^ alcohols e**©. mrematlira* . 
this is also noticed in the maattotff h e - tm -m  :
limtfi h^’drepasoxida e M  phih&li© ex&y&rlda in . the -presence 
©£ pyridine { see page ?|)- ;wh;i©h -gXiraa a ^oca yield of 
Ivfcert+^ frutffl hydrogen. X«-isofioperplittolatei again*
-theae c o n d i t i o n s * . a l c o h o l  d o e s  m o t  ■ r e a c t *
t h e s e  © s t e r l f i o & t i o n  r e a c t i o n s  p r o b a b ly  a l l '  p r a s e c & fe; 
t h e  B ^ 2 . m e 0 l ia n ls m f . 1 * ^ *  V'v '.'
{ £ a I£0jC- | m pjriMa# }
It might be noted teat tee ready eaterificatica. of
©f .the transition state .by tee. following, meeomertemi
Ibis difference ln,reaotiytt^ ..©f: - t h e . © l e v e l s  
iM to&ro#exosEl&e& may. be,-due- either to eteria
MMramte -or to - differences lit aetd - strength*; :/lt mi^at. 
b# ejected/test ■■en^ ';st«3&o: hindrance white would be, . 
operative la tee rtspteiiw tremsition. states will' be less 
when the attaching particle" 'is tee t*et* »ttatelt>eagoaor 
t^ioa .team teem it is tee anion* , ■since .in tee
former ease tee bulicy;3e^ |**eil^ l group is farther removed 
from- tee reaction omter*. ;$ewever* moieeular models- 
indicate that-neither traaaition state: Aould .involve . "' 
any appreciable strain*- i ore -probably# the difference'
anhydrides derives partly from tee resonance
■6- 0
ii £
; l m X i t s  iu itit dlfferg&ee -of told strength 
o f  ' -'.tlie  i i e o V o l  a u &  fe y & ra p e ro iR td e f ,  t e e  . l a t t e r  M i ^  a  ■■ 
stronger sold dug probably to the greater -'eleeiron attraoiiom 
of the EO group h j t h e  in&uetiye. effeet C*4 effect) as ; 
Oossp&red with the electron j&iireetio** of the R *ro.*p fey. , 
the ss&e effect* vj>g* ;' . .
B. * . 110 *^wwiw,;. 0|§
ffena*.; terfc#~feuty3koXoo*ol in -a. Ter^ /weeic aoid*- -.end pyridine 
is too weCt s.fe&se,; to: produce any appreciable - eo&oentrallon
of t^rl«»4/ito» ®mioas\-to .bring about reattioa*
Being ■ a ’ stronger sold# ■ hydreperdsdde iir .
iodised-fey 9 aM; tstf3?ifi0atitn ..Some
aoaflMmtloa ©£ . this is proyiitd ."fey...the' fiat that ■ it 
lias' AeeWily.fee-en/sEovu (120) tu< t., "feeing. ’'"'
a stronger- .base then pyridine» will. emt®lys#,',ifee .'■ . 
esterifioetion' of ttrl**bmtanol with; pht&alie- ■• ei^ ydrl&e#
% : to ' tfe© present; tine# -.-..tfeeye.fees- bttn. no report 
■of a.meeeesful. preparation, of a pereater.of ,.a;l-3>heByi- 
el.kyi ;3^ rspej?o?lte*'-' fhe principal rtason for thXniim that 
peresiera of this type undergo-' heterolyeis'
with eoneomitont ■ x ^*~rx tn  mm&%. ( , a pc e 79)* ffee- , 
rearranged. product m &  them mud ergo hydrolysis- ..to §1 to 
a earfeoasyll© -acid* - a. esrfeonyl ooiopotmd*' end a-phenol* -.-■Tig#f
fM.s. . . is aatalys#&: bf aotda*■]wfalefe by protons* 
iieir: facilitate 0*0 hexeroXysis*:. tat night :ba .eixpeeted:; '
;to t>« • bas@-eat®Xyee& when 0110 ef iht groups E* 03? JH?' •. 
it hydrogen# Base^ eataXyaisa. might: then pros eel by- the. < 
type of mechanism described by ge»*X^ (105)' in'X*#ieayX**
-perozMs:' CpBge $**}• : (XX4) ; 1
obtained only the retrran^ ed protest when attercting to • ' ' 
prepare ;iriphet^ l&e4byl perbe&soat* ^ paga ?S) ©ad 0*4 age#' 
Cl§4) feani. t M  f^ ieocl^ l perbeusost# undergo** 
rearrangement readily (page ??)*. ' : •:'•>;/
XeolefeX* i^ arylcllsyi pereatero t- therefor® •". 
be weppred* tsn&er the u tel bee to eon&itiene of eateri** 
fic&tloa* 'from .f*ni* sUqrl'hy&roperossid©® whose alkyl
I reaps are not te® • at* ->ujty eXeetron releasing* fit#  ’■• 
decomposition af mm% pare stars oeuid sot apparently b* 
base^ eatalyaad* •. fit# tertiary alkyl groups mat. be 
apparently lass electron releasing tiiim the tripb^yXmetbyl
grouj* (1X4) $ fcydroiM&reaide-i.' ■
or heifer still# :j ^
mi g h t  yield fairly--stable pbroxy esters with -wesk■ eater!**
fyi&g-' aaite ear their tejdirstiTts* :\ . < ■ :■ --
;■•:■'■/V'..-;-'v:Xm aeeord with these- predictions# -it has been found 
that :li2i5i4-tetr«^dro^l^aj^thyX 'hydroperdxldei' fbihalie:; 
anhydride* and. triefhylamine# at 0°t yield ■ phthalie aeid - 
m d  a~i at redone almost quanitt&iiTely* White"(121): 
obtained similar results by carrying out-' the' reaction. :' 
at room temperature:- in "'the presence of 'pyridine* Ine- -5 T . 
probable ©eohmism: for the ieoempssition. is/ma follower :’
+: •13’*'
I L r i J- CS0.S#.,60*1!
Hmethylphenylmetliyl hydrop*Mxi&e»' benzoyl ohloride* 
and pyridine* ?af 0% .yield cm’oil which# though It could 
not be purified aadeharafteriaeA^'i^ve the characteristic 
reactions- of a pafoxy'ester*,that’is# it liberated Iodine 
from acidified etaroh-iodlde paper#'.and decomposed into \ 
phenol' and ba&solo. acid "on heating, or im the-' presence of:V- 
acids* By reaction with phth&lio anhydrite ani pyridine
..at 0*V.diBethyiphtnyliiitthyl hydroperoxide: gave.the. >....
analytic ally pur# . l—monoptrplitimlmtt-. In S# yield ■ 
as a-.white; eolidr-y Attompte. to,, prepare .the perae-et&te '
, of.dimetSiylphtiiylm^ fliyl hytrsiytrbxidt from^  keien© te-; the #,-._. 
presence of ^a oatalytir 'mmomfbf sulpfeurio/eoid 
,resulted.’ In -.the..- isolation■of -the -products/ of 'decomposition* 
that la# eeetonef-.ph^ ol*-asad;eoetio acid*. - -
i^imetbylphenylmethyi ■ feyircgen l«amcaioperphthalate.
> ft
is a "efystallina solid malting with decomposition "at ' 62.- * 
ft-is extetmaXy to acids* all Jit traoee bmisiag:
deoompoeitloa .into; phthelio- .acid*-..phenol# end 'eeefone*: 
this decomposition is discussed- more fully later on in. ' " 
the station on ©xyges^ ory^ cnheterolyeia' ( page 15$*}* 
Seoomposiiioa-' occurs' wlitr explosive-"violence if the acid** 
■©oatamineted per eater-, iir heated' 'tea malting point" tube 
to about g$% or if the' ppeparetioa.-'te atftmptad '.at: room 
t emperature*"- u Pilate • aqutoaa-' alkali' hydrolyses ■d solution - - ;■ 
of the perester''te:'aloohoi|r atta^ts.to/estimate- the-'-’;' 
equivalent weijri of the hydrog€a'^peifph'thaiate ■;hy'thia■ ■,■ 
method#' basal; ©&■'neutralisation of: Vm single'1 free- ■'
■oarhoxylio’'acid'grcrap#/;thaa result in:©wall©■ values." 
being' ©htained*' -11# ■ however*1 the- neutralisation ©f 
both" acid .:groapa la the ph'thalta hold produced''after:';
corpiet«’ is iehoii m  the: end'point*- satisfactory
fhe melting point- ©f the. compound Is sharp end" unchanged
by reo^stallisatioa,. ;mgf€sttoa that it is. t pft compomd* 
Ihridcno© that the’ p©roiyester- obtained Is th© peroasy /,
compound «> and list the rearranged product (XX) 'is - J ■ - ,
' V
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supplied by the fact .that., the 'substance liberal ©©■■; iodine 
from act tic potassium ^iodid# solution* ■■fhe-momt-'
of .iodine,libelled is less thm 30$ of the.theoretical ■ 
amomft'.tot:tMs does not necessarily imply.that the' : 
QQ&pomd as t isolated end «jokJyse& contained m y  appreciable 
amount- of;the ■ rearranged: product (XX)# T m :analytical 
procedure.: employed. was a modification of that normally 
used for peroryestera*, ihioh is always.-eiiseepiible to' ■ 
error maless applied under, carefully.■ standardised 
conditioner end,correct!! by. an empiric®!' factor#:. ftirther 
to this, under, the sold contitlous to. which .the iodine '-
is::XXbsrai#d,: structure (IJimto structure
(XXI’ probably 00ours very, rapidly*^ :^..'.v.-
'■''■■'■'■■'(il) With fcatenc end ketene dimer
Xn analogy with the reaction of eXeo&ole with ketenss 
end diketones to produce eaters, a au&ber of alkyl 
hydroperoxides reant with the as eubstances to yield the ., 
corresponding pare stars, Eerasterifieatlon by this 
method m y  take plena under neutral* acidic, or basic 
conditions, the respect It© mechnnims being as follows i ’:
tlnd&r neutral conditionsi.,
^ Q .:■■ ■ (f* . , ■ ' ■: , 0 , -’ ■
. £\ ff , i «♦ , it. j  100 6 ;  BGO-C : —4 —* •  K>0-C •
n ca2 ^ aa ■ . ■ - ; ®IS2
u■ :VVW  naid conditionsi ■'' ■>;.■:• ■; vd'uut-t tv,-
. ' cs0«c»o -id  cs2»c4-ai a*0Cg/  ; eB32^ gaO "♦ a*
' ~ ' ' : : ' ■ : ■ w; Cw3* ' ' ’
..v.;e'$u ;tJn&er basic conditional ; w
:tert»^ utyl.. l*y&roper®;dde» were. treated ■,
- ' - ' f% :- ■-
with tet^ ne ;at■ 0 • -tir the; preeeuoe. of .& tr&ee ..of. eULphurie 
. sold .0.8 ■ tatalysi* end the: eerresponding peraeeteie® •' 
wore isolated* Mantlet! with the®®- obt aimed 'favosa the reaottoa 
(ef:-.the hydroperoxide® with eott.lt anhydride in the pyeeenoe 
of pyridimB*■:.X&.tte ebsenoe eft o&tslyst*.. the..-hydro* 
perosddee'were xcenrered* Similarly# ditotane re&eted 
with: tert»^ bat:/l end hydroperoxide®:^- the'i ; ■
preseaoe of eoidie and baste «t®ly®tw;,t® field' the / ;: 
eorreepondiag eaeteaeetates* ■hut ia poor yield# probably 
. beoeuee'of ebmbmltmt polymerisation'of.'the dlketene*-.'
,-fhe l^ aryltlkyl hj^roperwxMet* X^henyletfcyl• and .■■.: 
Uimethylpheaylmethyl'-'h^ p^®r©'3tlde»# with keten© sncf
moMio■.eondltien®#.';yielded;: 
/msiafeia oils- which.- could- net be'purified by ,di at illation 
:.but Whloh feed all -the- properties esspeeted./ef ;tk«.;.eorres«* 
..poMin^ ’'pero®yeetere».--etid ea' standing &t room' temperature 
or* on"distillation decomposed. apparently toy e:heterolytio 
©ee&anism* !;. ffeu% for example* vthe protaot of the reaction 
between X-phenylettoyl hydroperoxide and ketone*; wfeleh was 
initially a practically colourless oil* dereloped a yellow 
. colour, deepening Into- ■■■brown .’and'' exuded an - odour:- of phenol 
acetic: acid after standing.at "roost tes^erature for two
d a y s t h e t o e i n g  teltamo-H n
deriiratMe* -xTtm me&kmrAm ‘ desoiapeattt&nt®-.-- > ■•"■•
probably a®-follows* ^ ■r '
Pb '0 m  > r ::;:;':i
f ; ;: ;._|! ,.;:.:1:: ,jh» ^  !l
CH-OCU * G ---------> Cii-O-Q-C-Cil, — -— -+  cn_co„
if! ' I ■ *  ■ 5 *■
ea^ ;; -:h V
:fh'
:*ca^:‘:-;- ::-■ aa^: '''■^gb^gojl ■-"+. ' mm [ : (ce^ seo)
ca~
; ■,■:■■: ■Yv.O/-': ^  ■
§*to*ii*l: Carbonyl addition 'areaction^r;v'vhl'-;h\;- h.:;-.
■ Bitic#; ttoe carbonyl group is 'dipolar in-.the'- sense >■ ;: r
'J+: i* '
pm 0# a measly nualeophiXte p&rttele like- a hydroperoxide
molecule will ’initiate' Million eeree©'the carbonyl' double 
bond toy-muoleophilic att&olc on the electro*i-4efiolent: ;■* ■ 
earto&ayl eerboa atom# xXS**' ■.
. y p 4: ' / , cT : €ii
" :EoS^' C ' *. ' 8*-— * BOO-G-af
: a n* . a” ■-.■.- ' «ir
Suofr; reitcti0iis: nfeouXd toir iracoepiifeXe: M  : a c i d  catalysts*' 
wtoer# protonaticn of the; carbonyl group will Increase ,"
,the ' tu% lire ■ §111*1 g ' m  tilt ©arosm atom.* •
■. and to b&oi©eeialyais* '«hore: t&e^ fceso will 'io&too't&o v',;
;w$aM.^ ;»aaleoffe»illo BOOH solesiale^ fomiiis "tlie rm re  " j i 
powerful'•BCO** l»*: Other preetieil consideration** 
h.owever* ,'aey ofiset the £4.V£&t££© of octaly®!®*' for ’ ;Vsh ;: 
fciro&g b m m  m im  ’ oately se •' tk# deaourpoa X t l im  of a^ ooadsrjr 
h^ lroperoxl.tes-,^ ' a meohaniam- preiriouslj doaorlteod' Cite ' 
pmg# 6fJ* and na/ also fcriu^  about tfet ©©Mena&tXon of'; : 
.the oarOsnyl eospoixid*
'•■■ It tfcat tert#*tetrl' and teri»^ eaarl ts^ ara- ’'
■poroa&dea areaot with aotteht in th^prtseaoe of '©diptaafio-- 
told is.s o&talysV ter yield -the- 'ftexmspoiiAlttg ts2^ iiaX3q?X- 
.pejte p^ropsnea* bmt ©Moral' to yt&ld.t&o X-l^ trosgf** 
lf-*fllr/lptr@s|^ it!2»trioliloro@t4 aueDi'■
m
100-0- 010 e*~~— » noo-c ■ . ■.*
1 / \  ■'■ ■ . / x  "^ ca5 c i 3 ci? ciij
O il
*- BO0-CII + H +
II CGlj
ffco aroiwfcl© oerlaox^ rl me%'^pUmom$ •feonaopbantm®*
miM art reooverod after
witt■ hydroperexidr -
sold ' } im  perioto. raaaglug./
■from .'^4 hsora to ftve.-'weetof,"; Both, jmithydaroi; ':m&.'sssitSa^ &p^ X 
'^ d^ pe^ xiSe'-reoot!.;'wtth/&o^ t'n«i not by ed ition# bat - - 
by a -’iiibsittation relation yielding xenthyiryX. fusetone*;■ . .■ 
them reeetions ere dlttraased 'more'. felly in thexseotion;; :• 
dealing with'al^ yl-oxygea feeterotysi® { page I2?}* ; "
■'■fro® the above result® it may,>«\ oe&eluded that 
' the addition, #f bydroperoxidts to’^arbonyi'eompoimds in - 
.'vthe prsaenee of ..aoida 'In hindered by the proo^ noo of ■ power** 
vfdl tleetrom reIeeslmg: sabotituents' ia B-la either :the :- 
''eerbenyl. eo&ponnd 1LO0 or;1^ e _liydi^ porbaEide
■• 4& 7
■r$be uare&etivity of the- arematie leetenee-is' probably- ' "  ^ .
; dme ■ to :;tho fm% .that e&rbenyl edit % ion wonld- deereaae - the:
1 ressona&ee eneriy arising from-oom|mgatioii between: the. .-:.■ ■ 
srematie rings taroonj'X gromp* '■'•
fhe ease ef l^ bydro2ry^ l^ ,g^ i*'-»Mtylperexy»S.|2$S**.:/ 
trlohloroethane to interesting*' .When dissolved in &Leoi&l.' 
m e tto aeid end treated with efmiTeieat of xaaihy&roi .' 
dissolved in the eaxe solvent* the peroxide yields xciithydryl 
tert»~tmtvl. peroxide in.74^ yield* fhis're&otloaa. is . 
dealt with more felly later- on ..in-this iisemssioa (see-' ; 
pagel24.)*
additionv-' :‘ V:"\
'O&iaXytio end constitetienaiX’ considerations- ■"■ -,■ 
aiiailar;to"those applying 'in; the;vban® ©f-ihe aA&itla&-:/©f.''' 
hydroperoxides'to carbonyl ©oi%eunte will- obtaia'->hod;.;.:'^;:i-. 
the compound tmclergoirig addition iu tn efoxits#V;;3arasOh/h:;; 
and Teym# tilt};'showed that1;tert*~batFl'hydroperoxide 
aids to •;ethylene ■ oxide in, th#' presence of 4Z,i potassim '•: ; 
hydroxide' to' - yield £^ tydroxyethyl .; p#roxit#*.:. ;'
IMg has been confirmed by. preparation-#f: the-' erystalline 
-^aitrobenssate* !Co reaction* however* could .be-' eeessidnel 
with styrene'oxide when sulphurla-aeld, st&n&lc chlorite '.■ 
(a lewis acid)* pyridine* ■ or' triethylamlne was used as 
a catalyst* i Xt is not easy;tir ©ee-why;’ai^cne^ btlde 
should be apparently so- u&re&oiiihr* ' sl&ee this ■ ec'mpOTmd1- ■■ :■ 
undergoes.addition with many aleohols#:-'.;e';-v^:V/;’:■■■
5*b# - . Oxygeii-Oxygea Eeteroiysis.':;; ;h ,h-E: ■ ;■ :. -; . -V. - /
5#o:*l* Perory Haters •■....*.. .
. ;•;with the■ possible; -exaeption':of' the peraot&s ■
£E00*.( &8) f the peroxy esters ;(B£>Q*OQit*} :show a grt&ier, .: 
tendency.to mdergo ©xygen^ oxygen heterolysis 'than-any,, 
other'' class of organic peroxides*. ,IMs tendency has been 
''shown (: page ?S); to" he due to the electron #pnsh# of the 
alkyl group E1 and t he electron *p'4ll* of the carboxyl ate
groap jttSOg* Other ttaa properties- ,■
of t&e pe^ esler moltItmtXI'f-.'fea’Iori wliieli prompt# 
ory&en^ oxygea heterolysla art; mold eat&lyais# ..thermal 
energy, end solvents of high ti0X^ 0tri0 :0011stsat* ■ 'there 
the relation is eoid eatedycet,: o^ w^^ oxy-gea.lietejrolysis 
ttsu&lly revolts in isoleeuler Xegi?&dett©a#Vth&i is* .the 
decomposition ^pro&ncts are ly, isolated* :v.'fn.;meny';:;
oases* however, whs re the psrwsitr tsAeafced in" .a'-.dryg v-‘'a 
inert solvent, the r^ eyi’cri^ od.pyo^ ct^ .^ thet-'-iey^ th^ -.- 
tstsr of 0 'hemi^ ssetaX haviag’-.t^ e'Bsme moleiraier. wfeig&t . 
mM ' elemental,; eonpo sltlon = &$ the parent: comp®tml, • is • •
msmXXr obtained* X •. ^
_ It' i& shown in this ? or * tliaS ^ a^imethjXplitn^ liiatli^ X 
hf drogtii X-»s0u0pei’phth&Xmt0 *. l*phenylethyl,; per&eetaie,- •. 
and: dlMthplpaenyXmethyl p e r f e g & B o & t e .  imterfo s l o w : :., 
decomposition- on storing ’ at ro» taupemture to yield 
phenol and the. ooarrespondln^  cathoxylle acid#: Ihea ■. 
eontessia&ted' with a @11^ V  trace of a strong-Mnersl /: ;
s o l d *  ■ t h e s e '  . p e r e s t e p a  m M a r g ©  d e c o m p o s i t i o n  m o r e .  r a p i d l y  
m d, in the.e&ee of the first\pertsfer, may ooonr with' 
explosive violence*: 1 hydrogen X^ momoper** .
phthei&te,. on • the; other head* decomposes' only whoa., heated 
in t he-presence-of very strong acids, • sueh a* perchloric
iioM* '; . h y d r o ; and,
lwjj^e*emyl, $iyazxr ^  ls»^ r>BepeFp&ttelBSef'eM.. SSll*w :.; 
butyl perbcnso&i© ew recovered to about 88$ yield whsa 
eay one is tested la tl©elil acetic acid for 10 aiirarttt 
at 60°« to© 'relevant reaotioM aad product© are ■ 
.-©usnierlsed la to# aoeefrpamytaf' table# < , ' 5
to© tery facile rearrangement X^ pbenylalkyl
pereotera* which Ite cnalagmis to/the reedy n©id-*oately©c& -. 
'decomposition of l^ plienylellsyl, liydroparoxides end 
peroxides observed by ITaaraaoii ;{il5)i would not appear * 
to ba susceptible of a simple erplanatlon in tarn# of 
eleotron«*releasa by the altyl group# A phenyl group tea : 
an ©leatroiwattractln^  toductiv©,. effect (~X) end hence* ’ :
1 fo r exampl©, l**dlHiei;hy2phenyl»thyX, hydrogt& tomonoper« .: 
••pfctoal&t® (X) might be ©rp©ti*& to uMtrgo.
5 , . C l> ■ . . 8 ^ ; . ,
-fceterolyai® less readily thru to# .-eo^ggpon&ttur .:
'■emyl compound (11)# In faot it .-I©.- -fomd'to • .toi# fQit -'i:; 
■■'.that toere&s the decomposition of (XI) #an >©---todttt.e& ;-• ;• 
o n l y  t o  tot. p r e s e n c e  o f  .parohloria a c i i f (I) is u n s t a b l e
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•.:Com&ovMA t o ; p a r m t h m m  m w & :not ■been isolated*
at room temperature end the :• • •';
preas&o©- of a tr5.ee of sold* itome factor otoer'to toa.-- 
polarisation of toe 0-Q bond- 1^'; inductive .eleoteoa^aftisw# ^
In toe allqrX group would appear op@m‘l,i« end’/-''
necessary to account for tills i 3^' tendency. of :■;
moll as (I) to undergo O-O hetoxolyaia end re&rrmgemsnt# ■ 
It would appear to&i-these ‘rearrangements ere 
s u b j e c t  to a  s y n & r t e t l o  a c c e l e r a t i n g  e f f e c t  s u p p l i e d  7 r ,  
by toe m igrating group# ' '£&..to# ^decomposition o f , (1)»V .— -
lit. As ' ; Mt - u-
ix'V? -■■■■*■ i
iia_c*-oio^ oo#a^ i4»ao2E — -♦ift-o-o * ~<w o,0 ^ * 0 0 ^  ■
; n , ;  I t # .  7  ; ■■ ' H o  7 . - 7 - " '
s h i f t #  ( a )  a n d 'C b ) '  ia » ^
phm ^30:group supplying p a rt o f the.energy fo r. bres&ing ; ;/,;■
tlit ' 0 -0  bond* flie  e th y l group, has a mtieix sm aller s&gratory 
..aptitude than the phenyl g r o u p *  a n d  h e n c e  migxctom of ■the- ‘ 
e to y l group c*a accelerate f -0  h etero lys ls* i f  a t a l l *  to
a much smaller trtoai*. 7
'.. tots. ©ynartetie . . a c c e le r a t i o n  a c c o m p a n y in g  toe 
m i g r a t i o n  o f  a  p h e n y l 'g r o u p -  w o id t  ’ a p p e a r  t o  b e  t o e  k e y  f a t  t o r  
i n  ■;t o e  I n t e r r e l a t i o n ;  o f  . th e  i n s t a b i l i t y  , o f  t o e  X ^ h c n y la l J f e y l  
peroxides# thus' t o  t o #  a e r i e s ,  o f  l i y t o o p e r o x i d e a ,  e l l  ■ 
attempts’ to indue# 0 -0 b e t e r o l y s l s  in t^|*-butyl'■
.failed* ■; 'but i^heaylttoyl.,hyda?cpero3a.de 
and 'trlplxeiiyimftiiyl •■■hydroperoxide' daeo po^ e Tery readily: in-
t o t  presence'.of ■ a c i d s  to yiolt- pB,#noivsadv tot oorrtepondimf'
carbonyl;eompowdt 7. 7 :^ 7:,r7..7 ;.77 ;-7 777 7 -7 : 7.:.v 7 7 ;7-7
p i k U & l
m  n|ii.;-o. -on
m '7'm -^m
0E-a 
e
fk
I nr Ihni . ’ # ; 7 IfeCHO
: flier#; seams'to7-tx!si7a ; cilia analogy between the react!— 
wltiem; ef - toe 0ompouhd® ter|»-Mtyl hydroperoxide end tri- 
pkemylmtiky! hydroperoxide* .'and of the compounds jieo-peatyX
ehlerii#: and '2i'2fE-triphenylftliyl .clXaride*: as follows! :.7 \:
He ,• .
': X  7 :7 7 7 7 7 7 7 'He*» O—0**OH... ■ ■ ■. ..,,,
7 :7 . 7  7 7 m m  m
He *
10. evidence- of 0-O ixeteroiyii&
'■"■ mm  ^^ B a . :. ’-..7:7, , : ■
; B j^ - o ;: 7.: ; >. ■JL
Searassmges. extremely readily
.7;. -H# 77/7 7.
I 7 -
K® :-:-.7 7
Hydrolyses-: ($&!)- slowly 
\:;.with rearrsmge&eni. ;/
m
1-7 pt Lb}
:.■: Eh«o-oa--ci :
f 2 '
; 7^ H; .: 7l%..U':7:'7 ,7-;:7!-7v:
Hydrolyses (E 1} "SO*000 
•.times,'faster# with" ;
;■ rearrangement •'■’
pair of ooi^ oiMito im . 
it*.. fee to: easii to/ 'fee asso@teto4 with..toe. a$mrtot 1# - ■
> ■ It has; toeea. shorn fej: & ara© to  (Xlf #: 116) ■ to a t : 
t&#/.. re la tiv e  -.otre w ith  widoli Silvl?at# too
Eoid-*est©lys®& deooispotaitioa. o f s .m tirV r o f .li^d^oporoxidee 
Is-; s im ila r  to ■ toe observed ^'m igrator/ aptitudes*1 .o f:, , =.: ■•
/ to to to# ..fto#©eX~pto&#eton# -ret rz a&ge^ eut* :■ ■f im% t : 
toe foXtowlng order* to toareastog, fenieno^ to' migrate*'.' ■•.■. 
'fees, lecu observed! :.', : , /, t v -h-
' B jdro£^n < M#to$X < EtojrX < ' ■
le e eoiitrasttog eas%,.toe order-observed where toe
group#' migrate at .fro# ra&leaXs aooerdtog to toe elation*
' ' . ' B . B*
I \
..BtolT*.a*r ---------- ► ■ 0»0 1*
I ■ ■ ' /
/.»* ..... -.- &*
(where K Is toe Mgrattog group)' to os fiXlowst
. .JhaixyX,,.. < letoyi : < . ito^X <£ W.^mgm -
:'fhe order giToa for' toe teoIeopMXio migrations; 
afeo¥o fees been fully.confirmed to tola wo to taring to* 
aeld^atalysed deeompoaltiott of a numfeer of peroacy esters# 
However*' to® relative order of only the methyl aad etoyl
grasps tear# -bem: o'toearred’' to' -to# free radical saris@ *"■ ‘-: - - ■ 
since only to® hydrogen p&to&lates of torfr^ bixtr/l and a .
liydroperoxidea to*?a been oabjooted to thermal - 
decomposition* Sh&se resu lts  dr® summarised to  the tab le  
g i r m  m% pfge 103* I t  to to te ree tto g  to observe th a t
~batyl hydrogen 1 *4aonop e rphlh&X at e undergoes acid 
decomposition to.yield phlhalto acid* acetone, and 
presumably‘ methanol $ bat it undergoes thermal decomposition 
to yield, to addition to plithalio acid end acetone, a m z t l  
q u an tity  o f me to y ! hydrogen pfttoalata* fit® respective  
meclaamlms tor the too reactions may be as follows!
(i) She aoid-*oatalyeed decomposition
0 .- • " 
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4s-.«Ttt3-d-3£© nCO.II ■*; feoa*
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j*e*ti*; deeompoeiiioh'-.of pero^ ddes-
]^ y y was?*ilse eteerrei,
tiostf e 'was with alaotiolio :;
potassium lijiroride* m%d when X f 2 * 314^ t©tr&iiydra<*X^ aaplith^ l 
hydroperoxide %~s osraaed to1 reaei with phthalte;.©nhy&ri&e 
in the presence of . triethyleoin* at 0°# Xhe produata.-;.,- 
teif.' the eerrespon&ing eerbenyi ©empeun&s* resulting frost 
tlit loss of ;m  jl^ te-hjdrogtm atom* and not these eaepeoted 
from, the migration, of the. miMlt arosaatie groups*, fhe , 
meohanima of ties® reaetlona in similar* ■ probably* to that 
pestaXated. W  Kornblm-. end’3>e la Ears- (105) for the teat 
eataXysed t@eoispositi.oa of I-fhaa^ Xetli^ X tertu b^utarl 
peroadde as deserlbed previously' (see page 82) p and 
pros sets as.- follower ! '
(i) of'
%etraJsydr ©**X^ apathyl) ky&rogea. X^ oriop«as^ tteicvt0' .
.C02h
(11) ■ vfhe/ disposition. = of &sthydryX
h y d r o p e r o x i d e  ' ' ^
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<:-: ;■, r;;:.%%r-wa®. pointed?out ; to section. .two. that the • f actors 
promoting • idUkyl^dxygen heierolysl®' in the molecule - - 
’3M3EX:'e» ^  b :- ■ ; ,^ -v'-=:v'V- =
■.":-;:Vw / (i) -eleetaran^ elettse in B§H - ; -:r
{li) olto t roB-atirao tioB. ’ la OX *: which; will be ’ 
increased'by'pratomiicm*. end 
, (ill), solvating',:osdltlono#
■ these- ©ref ■ of course, ;.th® conditions under which • alcohols 
and' oarboxylie asters undergo unlmolecmlar alkytooxygen ■ 
lonisationf these s».conditions...should' also* therefore* 
promote unimaleeular' aXkyl*oxygefi heterolysis in orgsMc 
peroxides* ■ la the present rork, this lias been established. 
in. the reac tions which are now described*
■ 5#cl#i* : fhe &icproportionallon" of ; xaiithy&ryl hydroperoxi.de
■ the dlsproportlonetion' of ’ inhthy&ryl hydroperoxide 
. to acidic media Into dixanthydryl’ peroxide ■ end-' hydrogen 
:; peroxide Is- perhaps the' simplest example o f  elkytooxygen 
;Vheterolysis ’ taking place' to" an organic peroxide*r She:- 
: disproportdonation occurs to. eoetlo ’eeld solution" at 
■room'-temperature’ overnight*-'or to. a few minutes at-50°# 
-yields are very goodf to' on® experiment, 'the dialkyl
peroxide ■ ©ad^ hydro'i^ n peroxide; were■ 'obtained-In. t.and ;'
■ ' the reaction. apparently proceeds via the. .mimoleeular
■ aroyl^oxygen heierblysi* of on© molecule'of to® hydroperoxide*. 
totoh provides .a. xaathydryMtm' ion for the alleviation' of
a second; molecule' of, the hydroperoxide* t#e*
■ v, ^  ©OS —»*, J?  \ _  ■' * =’ ;■ 1I00E - '--
;";V: V ‘ VX* '\ * xr-H -•-— » soos ■ + , H+
(v&ere X m..isathydrvl)*-. i t  tori» 1  hydrooeroxl&e p
' is added to 'the reaetlon mixture*'. to®.products obtained ■ \? 
are x©nt%dryl tert>^ butFl- t?erexite* xanthv&ryl peroxide* 
and: hydrogen peroxide#' the'reasons for rejecting'an y 
Interpretation of this cmd other alS^ l^ oxygen fission 
reactions to terms of. toe, formation’ of ..free radicals Is . 
are .summarised at . toe end of tot, present section* • >
-p Steproportlonation reactions of-toe above type 
appear to b® a ■ generel; o-haradterlsti© of compounds- which 
een nndergo feteyl-ozygea heterolysie* end which contain 
a muoleophilie. oxygen atom, to their. molecules* tons . 
alcohols form ethers and water* some hydrogen phthaXatee" 
give toe neutral phth&late and phth&lf© acid* methyl .
'hydrogen sulphate yields dimethyl, sulphate sad sulphuric
eeid'g ■' old'■.now-xwfchydryi'hydwperoxide fields: xanthy&ryl *-:, 
©^roxid# ;ani 'liydrageaat-'^pero'xjldef ■'^.-*, .u'.hhhh': . .:.v;=a
3 #4*11#' Eeaxrtioxt .with: sodium' toluene-;&-sulphi&ate / ■.
u■.;tert* ■;'amihjrdapyl-t tftTfc***bntyl trlpheayXme'thyl * 
'md peroxides resot -.'.
with sodium toluene &*€ulpht&ate to. &® etitf:; or •. aeetie^ a 
©mXpimrie-.moM'-to'■’yifidaxenthy&ryl, v;;.triphen^ lmethyljr;'.■ and :, 
l-methyl^ l^ phesylprepyl jfc-tolyl mlp^ ae®f^ ;a?e^ e^ lirel^ # - f 
la good fields* Mo attempt was usually- •/: '.
the J*y^ »~hutyl hydroperoxide whleh ils
reactions* but from the preparation of xenthydryl j^ -tolyl' 
■'ei^phohe'.'.-from 'xsathftryl: fterft»-hatyir:j%ero3dde41 the: ftert*** 
outyl hydroperoxide was isolated and.heharadterised :• as u f/. 
X-isxi*-butyl hydrogen l-nouoperphthalatei;^ C:
*;: ^ 3uooh
,_CH.3
©uooa
0
•We. 00
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Similarly* 'xanthydryX hydroperoxide*. xanthydryl peroxide* 
end 1 1 £ 13 ft 4**ietrah2rdro^ X-«iaphth^ l xmthydryl peroxide 
react with sodium toluene j^ sulphtoate to give xahth/da^ l 
:&~tolyX sulchone* .ehile Ms (di^ e^tliox^ phenjlrnemjl) .. 
peroxidet'^ tibder ..'©iiailer conditions*"yields di«®-methoxjr-" / 
'phenylmethyl .'X£~t©iyX; su&pfebae#'
in the 'emaXagons' reactions of-the. corresponding 
alcohols* :alX'.thee#reactions.'proceed via tmimolecul&r 
^kyX-^i^gea\heterolysiSf j|*„g* "
. ■. s£*bo%u.;/ -■. v„.,..l!:,.,-^ .:x * t;-;*. . v “bo%m - -
(X * xmthydryl) . .
fhe nature of. the products from the.msymmetrieal' peroxides 
, i the xs$itoy&ryl afLphone'being-formed from' ttm 
above . peroxide).; allows ' the various, groups.' to: be arranged 
to';their'relative order of reactivity* Further details 
of this- reactivity' sequence dm be obtained from.' a' ■ 
taowledge of the relative rates’of-the reactions under' 
various conditions} ''for example* itiile to^*~butyl ' 
xsnihydryl peroxide forms xanthydryl^ -tolyl'' sulphone 
almost immediately to glacial acetic acid to 86$ yield*
.tort* ■'piiwride; farms;
^toly!' ealphaae only-to aattii^ salptoria eetd to !
31 hours*yield' after 2|. s*' tart#~buiyl. yl
peroxide for^ a l^ aiajl-l^ p^ caylpropjl- siilphone • to formic 
sold after.5S hours to only32|£ Jyieto, w.-J&:gt.» *■»'•:■.
butyl peroxide . liaelf;doea aoi f o m  a euXphone-; at alii-"
fills - is ideafieal wlto/tor reaetiirtty - sefiiesea. whloh 
has; been derived?for, to® corresponding alcohol© by reactions* 
nfiich are t til/established"■ to involve mimoleeular. ©Xlqrto 
oxygen heterolysi©*v-and': thus. provide powerful; evidence 
that' toes©-; reactions; of peroxides."prooaed by a similar 
aeohtol.am*;.':'•■';•. .V-'/'ww. 'Vvv - w w - - v ; , .
- the’ observation has.-■ team made before ( see page'64) 
thaVhomolyeis of ..the-' ©**0 bout will ha more likely " t o  a'--’- 
'symmetrical 'peroxide of' the- type EO*«O.E|' to whleh the 
electrical ef fee to of the two substituent s' ere equal * 
than to one which is msyismttrioal# vfhus* for example,-
fhe reactivity ae^ueaee’'.; 'which law tops, obtained,. to 
descending order' of ■ reactivity»■' is as/ follows * ;
til
M©**0-4iS©
Me
. tertX~butyl; peroxide^ readily wdergoes- hosioXysis. fielding 
rsdXeaXs* , ss4 :is widely used in' the. aatslysia 
of' free-tfsdiesi' chain reactions#-:- However#^ ths'-mods m&::' 
site of -fission-of p.droxldia! t»oad^  vere elw^ ya competitive- 
$£00 eases *;. say -one -possibility .predominating over the ■ -- 
others onlyes; otter ecmditiama smah && bend polarisation'-- 
iM polaritahf X1%| ’ asd solvent off eat a allow* ■ in instance 
of this- la- provided by xenthytryl peroxide* In this ' 
®ele<ralef. sllsyl^ oxygen teteroljsis occurs mush more ' 
readily tla£n ia te^t«wMt^l peroxide» end reaction by.- ■ \ 
■tilla meetasisst. obscures any Qx&gm^x&gm hemolysis. which: 
might .otherwise be observed*- In fact* no reaction of, 
xanthydryl' pero’xide has been established■which proceeds 
by the initial formation of' xanthydryloxy. 'radio als# ; ' ■ '
;■ Organie'perexldes"are capable.of wndergbiaag' 
many -different, types 'of bend - fissionj if' allcyl^ oxygen ■ 
heterolysis--.in' a molecule* in some- eases* oecnrs' slowly 
trnder a given sat of .conditions# the peroxide may reset 
more rapidly by one of. the alternative’ modes of' fission# ■ • 
Examples of this wore encountered' when attempts-were'made 
to prepare the corresponding ©XlcylJl^ tdXyi sulphones ■ 
from l|2t3*4^ tetrahydTO»l^aphthyl hydroperoxide and;! 
l^ ethylXl'-»pheaylpropyi hydroperoxide* "
 ^ '^«vs . ’bo *?* vlibh' allyl^oxygm ^ ;-. x
heterolysts In,. %$Z0 i4^tetrehydx^i»^p5 thyli hydroperoxide 
b y v tte » . f o l l o w i n g . r e a c t i o n  w M e & .b r& a - c a r r i e d  o u t - in i ; ,  a c e t i c .  e e i&  
end in uoetio^ s«lp3bxiric;abid ;aoXuileasi.‘/,. v ■ r’/
■'Mmm&t ■ the' l*2iS*4«tfir«diyd^  toiapoisiid; " X--
undergoes allyl^oxygm 'litttrolysis. lesa; readily "thin.'.; the 
: t r i j ^ e a y l m e t l j y i  . .oar,’, x a m t h y d r y l  com p o u n d #  y:" 0 ^ g o n ^ o 3 q r g m  ; 
heterbiysiB*.’'which. i©.;.;ai&b' ;iates:,placer:
. w i t h '  g r e a t e r '  e a s e *  a M "  t h e  o n l y '  p r o d u c t '  i s o X m t t i ;w & & : v;: / '
b u t y r ic ' : . ’ i&el4-w h ic h  ■. is- f o r m e d  by t h e  ': 
f o l l o w i n g  r e a c t i o n  $
When etteiKpte’were;;i£ade .to- tari7.«it th#.. re&stlon of : ,:; 
^mlkyl^xygen fission, under; less acid;-conditions- where-x 
CM? haterolysia would:, be..less': likely. to..occur#; another v.x 
competing reaction became■ predominant#; By reaction of 
' eodli^ a.'toluene ^ •oulphlnate in aqueous solution and -in 
formic acid solution, respectively# with. Ii2f3*4 t^etra«i-. ■ 
l^&r0~l~»aphthyl hydroperoxide md l^ i#thyl~l^ phenylpropyi 
hydroperoxide* the hydroperoxides did not fora eulphonett# 
but were reduced, to t ha corresponding alcohols* hit tie is 
as yet inom  concerning the mechanisms of these reductions# 
but frost the fact that no suXplioae was isolated# it appears 
'improbable that free oarbonlua Ions are .involved in any..; 
stage of the reactions* .■';
5#d*l!i* Substitution on .the. aromsMcimeleua;;h :
: It was shown by foster'(S) that:!eist*»trialkoxybenaenea 
could be alkylated with xmthydrol# '.■li2*5|4^ tetra3aydro^ l^ / 
nephthol # end di^ r^fiethoxybiiisdiydrol * andthe" corresponding, 
hydroperoxides or peroxides# & *& * y ' p;;\:
r m
s
r*t;¥
■ ca-o-o-ai 
1  1
;+
c%o
V V
■OCH3
from t h e  t a o m  tendency o f  the alleyl group® t o  e e p & m tc  .'
-&& c&rbonim. Ions* and :trom tne feet ‘that- vtfc#;..relation# :r- 
coaurred t& a'polar solvent • m $ 'era Babjeoty.to £&id; catalysis* 
II was concluded that th^t. ^ EotloB® .proceeded by- •" •
pxjg^n heterolysl©aln'• the; peroxide* \ vh ; ■ , ;,■;,
■■■'•'iX't-ln. toaslble$^ however*/;;that--;;tlxes#,/'eubetituticn\ . 
recctioss right be effected hj attach of the appropriate 
■ f r e e ' r a d i o s i a o e ^ t & ^ t i r e t t i i r e  o f f t o t -  o f  - th e 'r r l i^ /M 1 v : 
substituents w o l d  mot be apparent the three positions;': . 
available for reaction are all equivalent* fhus»- the 
reaction represented b/ the preceding equation might 
conceivab ly have proceeded as fo l lo w s t
Xanthydrol and x;-rlihydryl peroxide have now been caused
sat:
*0011
OSt
to react with dlmeihylenlllne in i^aei&X acetic acid - to 
form j^xacthydryX M tlf^imethyXaaillnc whose structure g: 
was confirmed by oxidative degradation to j^ui&o&e • ©nd
xuvUioiie,: jL*£*
'\ ' 
/
0 \
I
'^0
/
;, V. :
■ , ■ *f ■ \- • : ■•
H* l£e«IK" . . : w  01'
■ ■ > • ■ .
tf
Tim fast that. only tlat ynyr.^abgtituted protost .
Is forced la strong ewideitee for the ooourrem# of' toe 
reaction yin the i&oatoydri'l eetion produee&-.'tqr. ©IJs^ to :
®xf§m. feetorelysia to tim §ereMie* ■; If the .institution 
were effected Tief too smth^lryl radio©lt it would he': 
ey^ ceied tout toe latter would cat or ..toe- arossatie r in g . 
iBdiaorisiiiately into' toe/ poaifioaa £££*&* £2iSt ©* 
to the dtoetoylaaiX to# grorp# ■ •
5#d.#iT#;., Besotton with urea and /phtoeltotoe- ■;;
:. In-analog with tor raaeiito'of alohhols (SOU) ■ 
to toitolt is,powerfully eiedtroa^relcaotog C^ea page 5-1)
in thie ■ © 4
CdtaMitylmethyl ) 'tires * respectively# Similarly * ■ 
peroxide reacts with' phthelimit® to- yield l^ aal^dryX../ 
phth&ltmide# tn  each ease, the products obtained from the 
corresponding alcohols have been shown to be identical 
with these obtained from the peroxides# Here* again f 
the reaction proceeds with the malmoleoular lord sat ion 
of the peroxide as the alow rato»-4eterminin£t otsge* She 
reaction of phthsXimide with xsnthydryl hydroperoxide* 
for examplet probably proceeds as follows*
' ■, 1 . ■ V{X « xsnthydryl)
In the reaction' between santbydryl peroxide end urea* the 
products wem obtained almost quantitativelyt
hi^ C4i^enisylmot%l) peroxide";react with urea' ta'aaid 
media to yield-^iwtixanfhydt^l *r*a end ; ;
■s-a + u *
x-oo-s <► co{t.vu}
I V:0p.&0ieX mtoj1V;"' > /Iax 
al 2 aia, :®t TO0/* : Cv°J m
ihea 3 <tsys at 10°
It im in tlals isrt.
21 i
Santhytool., ml »^ mtyit>CToasr«»
flilf^4ri0lilTOa0^m0 .:'!..:■ , .■ "i-■;':> :
/.It; ’. Is  xtt e e rm v p r X tee ltt«m tsw »-.app«w s
of,.-the
0:^eiivlie%ti?0ljsisi;laitlettog;;m mdditi0a rather.teas a 
. m h s tita tio a ^ re a e tia a ftS h a re .w & &  appear to -be:.**®', 
a - p rio ri • reason iftjr a*tna m&fttlen should mot ■ &«.- obser- 
Y&bXe* Attempts to bring about the addition o t xaathydrel.
to olefins* &*£* ■ ... .;. V-\. .!; . ^ y v ; : : ' U -*
resulted only in the foitaation of.; intractable tens* . It 
was therefore thought to he of interest to inveatlgftt#' 
the reaction of m Kantloydryi peros&de trite a e&rbeayl'
he Initiated» .tmder neatrel eorlitlone# by the-.anoleo** 
p&tlio -.fra^ tsent of ..the pm mite* ; , ,.;
j »ntefdryl)
addition oeotuered.ia tela ceao#;tlt';.tfonl4
Hm0Q*C SmOo«*a
(X *■ x s a t ^ & r y l )
trader aeid  oori&Iticme* r e a c t i o n ' b e / p r e o e d o d  by v -
proto&atloxi o f tee oxygen atom* teat th is  iiigteh b t followed
la te r  by a llcy la iion  with tie to  \giw
tee same product as abOY©I ;; ! ■•;■ -1
*~0 Cl ^  ■
.,,,){ I ■; A V ’1 +
X " ■'. *■ COrDm
y : \ v - -  r- - ,
v..:,;j;::,.; :\vw:V:;:;:: . a . ;■ / , . a
V:. <21 . - crt . .,
%o,c6^  c* a* +- %uoe-a~ ^3aco-c~ ■*■, a*
,1 / v  , i ^ i
■g;!-. C X * »sateyd3^ rl>..'
'. ''; fhe  system otesm fo r  study waa tee re&otlon of "
'^ amiliYdrFl btroadt&t w ith  oULoral* ffct* :■■ . 
preparation o f tee peamidb CfJ ite a stable- orystaiiine ■ ■ 
so lid  has been described ( page'100* referent#' 1 I3 J §" «usd 
.tee  method has been Impwred upon la  tee present work '". ‘ 
' ( vsew-page 146) # and I t  was loped t te t  ;m ll£yiati§n::o f; te la  
,.irtte  xenthydroX would enable a ifimfirmatloa' of tee- stm otm re 
of tee expected product* Eewtretr* teeit chloral- warn added 
to  a solution -" o f s m te rtrg l t.g.rt»wbutyl peroadde''in 
acetic aold* a highly coloured’ wolmtion'was product#:* 
and only m i& e n tifia b lc  gmms: wort ©btai&td*' "Bmt' whta
. tec with smthydrol, xaathydryl^ .,
A  ■ #; waa ©Maimed; in 74$- yield*..
ggl;.: .. ,,. : ... -■ ' ;.;u, '.
C81--CU . + sci xeo%m *  cax.%10 .
. . \ o W  . , . .
fhe-'reactioii; being 'bbB#nre€^ ; to :;toim totter. case Is-i - -.; 
therefore apparently a composite of (a) the reversal of ' 
to#-' oarbonyl:- addition' bf Ssrft»~tetYl hydroperoxide 'to ^
.. 1 • - -,;K''i,..'-''-.;i-;/L..i::.V. M ' M  1 ': . V . -.;■•■ V v : : ,• .
f#!iXorai*; Cl) ioiiisatito of Xtotey&rol -wade* aoid conditions*
;'giving to# XBsito|dryl Cation *' and (c ) aU tylation  of. to#
: tiyteoperoxite'proto#ed;to (a) with toe cation
protU0#4 - %M.; {b)| . ■:■: : . ' . , . 4, ■?;.
{a)
tpcij-ca ; esig-esf *-
; . . eo%a ■ t ’v: - -
(*> r *
A*:w“a . .>T'. - ^ 2* -  ea„ :. . .- , x* ■ -
r ' :’; ■ : 4. %aOOIi X 0 O % »  7 " * I*
fUeee reactions are all «Kpatlibriaf' ihc eleo^ rophilio
■ f .. C ■' . . !•■
reagents %* and CCljCZSQ ( or CCX^ C*!*^ !} competing for ■ 
the imoleopMlio %aOCiI* Of these two eleotrophilic ’ ; :
i m the'more- powerful % the equilibria there**: 
fore lie Tell over to the eld© of the formation of tee/''' 
covalent xmthy&ryl ter;t*^ butrl peroxide*..M' M i ;iti: 
the product isolated from the reaction*
S*f* - Seasons for rejecting a Hemolytic ileohcalsn
In the past* tee hemolytic reactions of organic 
jproxide# .tore been eriQ&asiccl ®a& tee fact teat they /; ; 
els© haw an ; extensive ioni©:. ©h«isiry ha# bteti largely 
OYerlooited* It: .ml^ ht ©eaeeirahly be arjoed that . tees# 
«0teyl©tien reaction# which are ©escribed in .tee present 
section as:proeetdiBs' 2ls ©arb3nim..i©&# might* on'tee 
other haadf -'be- ftother ;#3COTplea of tomoljrti© reactions* .'
for esssipie* ' tee di^roptrtioamtioa of xmtey&jeyl. hydro**-
. . . _.- • - . ,. ■ «. -.... ....,. ... ,, .,.,. ..-.
peroxide might proceed as follow#*,
%**|} «i* ©«8 .' ,  --:-*'■ ■ "XO# ■#' >01$'
xo*. ■■•.*■ ■ »~ca. — — x&^a*- V  *ai ■
: i!§* V ^ xo-see — *€ci v:ne*.
■ ■ (X « ;.«smt%dryl) :: _r
:fli% major reasons why a hemolytic xs&ehanlHsx is rejected;./ ;..; 
tor;thast’-toactions or# mow:- briefly .presented*,-.;'' •:. .
'.. ■.•{#}. Solvent end Catalytic If feats 
. If these* reactions actually proceeded by a hemolytic 
mechanism# theory sugg.eats teat they should take place 
easily; well la neutral ’i&ou^ poiar advents# totaclly* 
these- reactions proceed osly in polar solvents* 1 sod are 
subjeet to acid eatalyai©* ' In eei&ie media*.,.initial ".:■■. -■ 
protenstion of oxygen fsoilitstes- beteroXyais# 4 *H* , ;
* r%-:: *, v
r ■■; Il-wCli V ; il -- > *«* COI i * W- • * -■ '■ CCS ’■'■ •;■; ■.
i :.;:... i
- M  • ;g/vVM. ,;/; -H.M :-MgH
Cn the other hohd# it is not apparent tey. protonation ;
abouli faeilltatt E~Q homolysis#' ; #urfcher*' if these 
reactions proceeded by a homely tie meohanism* they should 
be • mbjest: ■to-- oat©XysIs; by smom -free raiieai ©atsXyst# .■;: 
mmh as/iflfraTioletv;rcdiction#'beat#■ metals, wltn a mi* 
variant-' trelenoe* 'asd: certain peroxides# sd&k as- bansoyl- 
peroxide* fbis* '. however* has' not' been observed to' b#' ;.
■ tot.’ease* ' " \ ‘;
. (b). Sir&sture mM, Seeetivity. .
- . She observed .oftoot of .alkyl .=groups on the relative 
reactivity of peroxide# mi-orgotog re&elions described in
' ttdm thesis m  involving a hsterolytie mtosmiM indicates 
■'that the peetdl&Icd oto seemilelijrcorrect* '
.fht reactivity:-soquonc# :cf milyl-'ivoups'lfagc US)
. clatnrot'in' to# s u b s titu tio n 1 reactions of ©r^mie - gereadde#
■ wlto; to# various meleephiXla reagents described'to similar 
: to. to#: sequence observed ta tee-0^1 hydrolysis ,of ;al%l 
/halites (page 15) end to toe f erhydrolysis-' of ,&XeehoX.$ ■
( page 52) which reactions, are '.to proceed,
hy.hetewiytic mechanisms# \ \//- ,//,•,
;:.(c) / 1redacts of Beaetlem.: ■■.■' ■;
../-■ ■ fts# products which would.he obtained freaks hemolytic
rtfeOtton wili* to wny.oases* sot •he the same at too## .
: .from a tettrolytto m m % im k«  \' If* for example* toe ■ ■ . ■ 
reaction of smthydrpl-. peroxide wito iiMtoflamiline
■ tovolved. & hemolytic meteenlgm* substitution should take 
. place independently of toe iiroottog influence >f toe .'
41mttoylmtoo group* ; ,totosXi$> toe product toolmitt .
■to- to# Bam substituted 'derlmttoe* end'tele can. best 0# 
explained on' tee basis of an eieetfephiXie aromatic 
' tuhstitmtios further to this* to# ♦stable*
free radicals-: of to#■ triphenytosteyl typo to .not- undergo 
tee'reactions' of ©tromg eieetrtpbiXto reagents* It room
ie^erature* trip&ai^Xmeteyl does not react f/ith'.ao#toa#*' 
m &  fovm n only loos© molecular ^fomplcx^ Siwito' M^av/;.,, . 
ketones * nlirlles* aromatic eompomtds* m € - similar : • 
xroleqpbllio magenta (10-J)# ftoerefore appears safe 
to assume.teat to# reactions described here pro©cod via 
alkyl^ oxygen .feeterolysis*.': , ...' ■ :: ■
' / ( I )  fhrouihOTt ::teis C/*1 ) ' ^
: indicates; to#: movement':of' ■ electron* ■ and..' to# t&nMe~
/beaded arrow (■ f *  ) in d ica tes : the - movement o f cm ®Xm im n \ ■ 
-p a ir* ’ r-Hv*' ’ •’
( I I )  Sffca te rn  *S0^ Mydragm le rex i& e* re fe rs  to  to# m e te M I**
is#4 product of 8?~9Mr* stror^ to*'-’as'-^ applied by Import# : r'
■/.C^tcsiieals* Ltd** o f  Lutcm*. ■,'■•'n n d n  ..;■'.'?//
. ( I l l )  M.eo* Eetrolaucf ...rofow to  ;toat .fraction  o f /
. bolltog point 4O~60°* : ^  ■ ';M ;
■ -.(It ) Unless otherwise stated* solutions, ia  o jp i io  solvents, 
ware dried  over anhydrous sodium, auXph&ie* ,:,../. V .
' (v ) toieroanalysea afo by Dro* f t lX t r  and itramss# t f  Oxford*
' w ito  toe exception o f toe aarloU/amd hydrogm: analysis o f  ' -
'4^imetoylpl€nylmotoyl..'hydrsgem.; l^m oaope^htlialat#|(, which , 
;TOS doms ly  Mr*/.'Winter 'o£^to#"©liamlstry Bep&rteai# ©£va/-. 
'University Uaileg#*. 'M-a:
Ileteroiysis
€*a*i* Eeresterifioallon reactions
(I) Preparations involving the use of aotd chlorides 
and add anhydrides
1* preparation of t e ^ -batr! per&oetuie ;
• - pyridine C XO#S g*, 1*2 tqulw* ) was added to 
butyl hydroperoxide ( 10 g# }* the temperature of the 
reaction mixture being maintained below 25° by external a 
cooling#' Acetic anhydride C 11*4 g** 1* equiv* 4 ;wa# then 
added dropwioe*' 58ae resulting solution m m  kept at room 
tsmporat are overnight* then lie at el to £0° for 10 ills** , 
cooled* diluted with m  equal volume of acetone* and poured 
onto a mixture of cone* sulphuric acid ( 10 o#o#) and iee~
■ water (10 e*e#)* Farther dilution with ice-wai® |15# o*e*) 
caused a colourless oil to separate on the surface of . the 
aqueous solution# flit oil was extracted with ether 
■.(10 a*#* portions! thrice) ©ad; tot combined extraeto-'//^ : L:. :,. 
washed successively with water- (5. ©*©•)* dilute 
soda (5 0*0*)* diltite feydrooblorit acid (5 $*©#)* and tot». 
feted* Distillation yielded (9* 2 g*)#
M > .  50-51°/ 15 m«m«* as a eolcurlese oil'with a swtef " 
fruity ©dour* T m  pares ter liberated, iodine .fmm acidi- 
fled: etfeeb-iodid©. paper: a M  'teowed tee folloisFittg- phyilcsi
constants * n|° 1.4050, af°0.255. (Foundt C, 54.7?
H*, '9*0|' requires I /1# '54*5.! ;H# ■. 9#<$)t
,\2>v':.'.^ cparat£<m.'of fert. -aural per acetate
P y rid in e : (7*9 g* * 1.2. equiv* ) end acetic^ anhydride 
■ (^ *1 -g*V"4: eaiiiv* ) were:added" to- hydroperoxide
'■ ■ (8*7" g* * : 1 eqniv* ) # the temperature o f ' the reaction. ' < - 
m ixture being maintained below 25°  by external pooling ;: 
o f the reaction, vesse l: lm.; ieewwater.. /-A f te r '16- h r* /a t  p,
■ room' temperature■ and 15 aln* at (6-0; */ the reaction' mixture 
was worked u p ' as- in the foregoing experiment* c On d ie t ilia- 
' t-iom under' reduced ■' pressure# the- following t ructions' .
. were 'obtained# : "M a-
:/ ;''V::V. (a ) • tert.-amyl hydroperoxide'(0*65 B*}*  b*P* '48-5O0/
15 m.m*, n |°  1.4161 v -
' - ' (h) t e rt»-amyl' v eraeetate* as.- a ' colourless -oil with 
': a - fruity'odour; and liberating iodine - from acidified /starch- 
iodide paper. ,(6*2: g*)# p.p.' 65-66°/15’m*m. , n|0 1*4150,
' d?° 0.S44. (FoundI G, 57.8; H, %$} retires*
■ C* '57.51 H,'S.7jS).;: : ;
S*/ of X-dimethylpMiiytoct%X.: hyteogea- l**aono-
added s l& w l j  m d with stirring to, tm g a m lm  im m in g m  (40
placed in a 1*5 litre three^neoked flask fitted with, a; /
thtrsometar# m /refXmx, eosdesser# and a mechanical etim m *  
the .'reset ion. wait- prevented from becoming too vigorous by 
periodical isu roion of the-..reaction fl&sk in iee-water*. a-.- 
i M ;-rtaotioa idxture was naintaimtd under gentle.reflux' Ova 
for 50 mis#* 'cooled# and,’toes treated with'm M m m (14 g*) 
which we®'slowly added.from, a/dropping ftnmcX:which. : 
replaced.' the thermometer duriaag-.tec Mdifim* ■.;fhe■rcactiott
mixture wm< maistmined under gentle reflux., for a fortotr -'"
*' ; ■ ■.
tj-te** thea,tooledf / and treated wito'ioe^watw' ($00 e«e*)#.; 
fralphurlo acid ($0 0:0*0*# |#/©olmtlon)* ■ fhe-.ether layer 
w m -toes ;©^arat®i-';#vdriti*. end. Matilled* •: A" pal# rad 
liquid remained .after tee,ether w&a distilled- off# 'and ' 
furtlar iistillatiom of '.tele liquid'under reduced‘preeeure 
gave' dtmethylphecyimeteancl' fern. eoloarleea #11 ( 170 g**
On.' cooling*. toe oil solidified to- yield ■eolourle®® primm
(a.) ; .feep* r- tion of the el®iiiol, -;.
Bromobessos® <25$ g*) ia dry ather (600 ®*®» )■■ was?
S§fl yield) #: b*p* .§4«»6®/ 14 &*&♦# X*.§IX8* d|$ 0*975#
of melting- point 56*57'
0>) r2,r#ars.tis»-e*'tb# aj'tosjeraxlA® ' -
SlwtSiylptgjijiiEothea.ol (5 g* ) was edited slowly a t 0° 
to h^*o& m '-p troxl& e.{5C fi,:'$ e«e*> coat&tairag eosoestratet 
:©olt!lririo esi&-(0,O2 o.o.J. ' fteiArtetre'w&s thsa"stirred 
Tigoxoasly fo r 7  h r , ,  precautions being tata® to a in im ies ' ' 
the-'feffeot o f  a possible 'explosion. D is tille d  water 
(15 o,o,) was tsisa. added end the resulting solution 
w m - th e m  exte&atad twloe with^ethor £2 x 10 e*o* )* the 
oomMhod - 'extreots w®ra then washed with s^odium hiearhonate 
eola*f 2 x 4  a#®*)# t&est with water (S dried#
and d is tille d * Bisathjlphea^ lmethyl h^&roperoxid® was 
obtained as a eoXourlesa liqu id  (4#8 g*# E$$)# b*p* €0*^2/0#2»  
n |°  1.5243* d |° 1.062. ' (fGuadi G, ? l,4 j H* 8 .0 | Calo. 
for CgH^gOgi C» 71.02} R, 7 ,$ fi), Shysloal constants 
©ITea to the lite ra tu re  fo r th is  compound' (9» 61* 124}* 
prepared from the eutoxldaticea of isfesromrl benzene* are' 
the following! to.p» 60° /  0*2 sum.* 53°/ 0.1 s .a .j  
aj® 1.523?, a§° 1.52424* d|° 1.06168* \ '
'■ (©) : Preparation of tho fi^ trofeii. pea^thslai®'. ■ - 
- f i n e l y  powlerot. phifeaii® auli^trid® £2*5 g * ) '  m s  
osutieuoljr added to & mixtow- of
h^teop^roxid® (2*5  .g** :i  ftuiw*) tot p^rititi® (2*0  $»$
1*5 e&ulir*) * toe't a i m r e  of Ufa*; mm%%m ■t&actaur*:,:; .-■ ■ 
b tto g ' satoiatoed at. «*i!r ■by ■ ism oraiw  m m M m :  .,-
vessel t o ;toe«*©®lt freesiu^ ato tore* •■ I f l e t  35 .mto* : a t  
th is ' te&peretoy©'* ■"111# ;:y©aetioa vessel - ie i .  s irred  to  to# ■ 
refri^iator tor IS  Jar* during filia l*  ti»©  m tor^e  amoimt. : -. 
of a iM te solid  separated#--:■ fMa was A lte r e d ; off-&od
with iee^ wstor |2S $«$*)* toea dried to#ts.fieoas 
Of .filter paper and reoryirl& lltoed three tine# fro®  •*■■ 
etoar-diifit petroled* Colourless needle*© of 1 ^toettol**1 
hvdre /v*n I a t e  were obtained 
{4*2 £>* B4?3)# ^P* 62«63° Cdtoomp*)* fhe; teirple for 
analysis-was prepared, by recryetallletois the. ahoy©./produet 
a fourth' tine* whan no ehmge to the melting potot waa, 
observed* .drying it to a vaomtisi .desieeator ..at re«- 
te iip tra tu re  a t  0*1 m*m* to r  I t  & to#*; then eealtog it to  
dry air to a #%rex® epeoiss.en tub#* ■' ffee. equivalent- 
weight aisd active oay&en eoaient of the were ■
deiemtoed a&'tollewsf ... .
fhffi J5^ t^ w i^r>i^.ti.f‘5i of t"H<? T* valent T?el lit
: l^ .toethylphenylmetl3^ i hydro^mVi^onoperphthalate 
:(0*6S70 c#) was dissolved to nenirsl alcohol. (If #*o«) ■
. mntminSdg p^enolphthsleto ■ 11 irep) * Sodium- hydroxide ■ ■ -: ■. 
' (it e*e* of -a 0*037® solution) was- added* ■ dfter 10 mto*
the deep red colour had-., disappeared* for# of the. aHagli 
(8*0 o*o« ) was then added sad'-th#. deep /red eoXutlw heated
to 60° and mainfainod at .this temperature fo r 5 miu* 
the aolution was then, hac^ : titra ted  with etenderd '.
(0*085CH) lijd roeh lo riC 'acid 'till the solution ■ w** eolottj&ee* 
fu addition of &  few drops *ef.,alkali to this neutral 
solution* further heating or; standing at roots temperature 
for 1 hr* did not. cause the plalo colour to disappear* V 
$hts was ts&en to mean that - h^ drolr sia was complete* ;,'. /-iu 
the following results were obtained!
Tolom® of el to il used in  ' actual neutralisation of ;■,:; 
both acid; groups produced after compltt# hg^ droljrele * 5-5*$ e 
■'■ therefore rrttir* tit* of 'Seresrfcer.ar ,;
f ' * . 2S5*0
9*0373 x 15*6
the- pereatep {§*!?§ g#) was added "to a soXmtieti of 
if^ proppl, eloohGd.^ (J5-'d*e#)ii-’eieetie--eeia ({^ colei* %' *•*«}*
® d  saturated potassium iodide; eolutdeu i  % e*e*)* ■' She ; 
.reaction.ti^fctljr:etepperreO..end- tept at'room-- 
temperature for -1$ to** t% m  titrated' agmiairt^taMeri '; 
eodtot tMosulphaie - solution ■ (0*iQfI‘) to,the disappearance
of the toora ooXonr* At the m m  time a fclaa& i^o^fcas: 
estimation »i- also mu* coaaisting of the mm® ingredients
©* tt rrf * with t, o es&reton ef the parester* The-... . 
percentage of peroxide la 15«®t §%mm fef: the .relationship*
fS peroxide « TOl* tltrfisnt (In c*c*) x I a ml* wt*' U ICO
0?ii3* s&mpXe X 20UQ
By rubetituttog for the following!
iroX* titrcnt m 3*1 0*0*$. II ** C*102* i&ol* wt# » 390 
the ttlue of 2?*S;> for tk© laiita ©xygei content wu© 
obtained#
Ccmmry of mslymsx* ? m *1i C§ C£#Of II* 4*2* I ..,..., 
©^slt# wi*f 2S5| eeltvo oxygen* 2^ i oAso5re ^a!««*
C* 'S-S;#0| ll| S*4 | e^jp&lir*. w%*§ 5 m*
4# Pre^ration of CLm$ih%%pl*^Xm%k$X perbcaEoat#
hydroperoxide |i*§ | 4  r.$ - 
e*vfl to a eoolel mixture of pyridine 11*0 K *$ I'eiuiY*)* 
benzoyl ehloidd# (9*22 £>* V1 c^uiv*}* rad e&l ©reform .'
(8 o*o*)* ' Tito remilttag ©elution w&e kept at O0 for ;'
IS hr* * then wsfiitl with w&u* (J x f .*#*»)* dried# end ': 
the- fhlorofoia et *\5sut?& off at .tee wirttr pa#* ; ■ 4 ali^ily 
yellow oilf d&tch fit not solidify ©a. foolluj #r iic#mfol4t*g 
i-rl idaioli ' | O T  6 with ael&lfltd'sta.roli»
iodide;, paper* reaaained* in -atttmpltet ■
o il ■ at-.'0*05 s*in# pressure* '''deaompo a it ion occurred at 
70**8f0 ‘(w&ter»bath te^erature) and a brown liquid' with-'--■-.
..»■■ strong phenolic odour tlsrtillad o w  II 50**5$i0/ 0*93 *
■ leaving ttahind a solid residue* the lifuid distillate* 
e& treatment with bromine water* gsre 2*4*S trituo&ophenoi. 
(8*S g»}, m#p* m d  sired m*p* £2-4 * the solid residue* 
a fte r rearxst&Xlts&tioa from Xi&jhi petroleum* • 'genre feeo#*!* 
acid '(0*74 e*)§ s*p* ard 120-422°*
; ■•■ A violent deoonposiiio**•eeeurred %hm the reaeiente 
were mixed at room temperature in : the absence of :a 'solwat*
: f*.-/.Attested preparation of- l^ |lit$3s.4*4ftratodro^ » ■ 
;Mph‘lhfi)^todrog0U X-^nopeTOhihala^
; friethylcsdii® (0*€t-g** t euui^ #')..i^ ':-li2i3'i4^''' :,'
■ tatrttodro^l^uapMfeyl; feytooptrorii#, (§*5 #•■* --1 OfUiv#)
■ dissolved; C • 3 = d*e*) wore ■ added: to' a solution
of phthalie si&y&yl&e (0*47 1*1 i&>e»»sue. (10 t*e*)* at
d0*--.After'3 day© t ©."white solid;
'had separated* 4h# .aolmtiOB: waa;fii%0r#i4iid the'-"solid "; 
washed with bmzm® (5'0*0*)* : ; IMa solid wm dissolved.
- in  wa tor and * ah' addition o f dilute- aulphario '©eld* .-; 
■pshthelio- aeld (0*43 '!*)#' ■a#p*\.«aid sired m*p*:li5-4f#
liecciif*): was precipitated*; m lu t tm  was v ■; ',
.evaporated at rooa tesperetmrt# leaving. m .slightly yellow- 
'■ m il-.wMcli.did not solidify . o m a n i  .scratching* and 
■' did. not .liberate iodine from acidified ^ taroh-4ndidt 
; paper* 0a treatment with Srady* ® reagent (2 t4-4isitro^.
-. pUenylhyirssiae) * the 2.i4^ initr0phenylhydrms©a# of .
■ Xiti3t4-4ctr£liydro»4-a€#itli8Xo»e was isolated*(0*3 g*#
: 80;S)# m*p* and mired m*p*vlSf**2$8 (deaoisp*)*•=,.
.-: -',: 7:- :' flam pyridine was- met as a catalyst,,!© tils..-,~-.:U- 
;,exp#rirett*. similar re suits, were obtained .When tUe ■’
reaction was carried out at room temperature*. bat the ,. ^ : 
starting materials were recover*! when .the m m iitm  was 
.! carried out- at 0°*
•. ( i t ) , Preparations iwolvlng the ms# of fcete&e and
• ' • .- « t .?•*■•■ ' 1 . •.■•;'/ ■ • • • * . . ' ‘
. dllcetone
1* Ireparatioii of peraoetate.
Ketone grs* obtained by the parrclysia of acetone* 
..ms., passed .through a solm tiw .of J m 3L*^butyl hydroperoxide 
(5*4 g*» ®*04 mols*) in penime C# e*c*) containing- Pf§
^iphuric acid.:(0*02'CtCiJ/maihtaiaed at f°*
." at- the rat# of '0*04.mis*/-hr*.; A ydlow ■colour develop#!
- after; 60 mlm* toe* perhaps* to the formation of some . ■
polymer* :r\'-4te imaged with
;wa*ltr' (t x 10- #*#* 1*:toitd* ;■ iad A* : -; .Itoe - S ^ # *»; •
• butyl per&<3iei&td urns :obtaliiat -air .■";
with a (J.S g»j, :U,»*/50-5X.V 15 s.nu»/: : '
t|° 1.40SO, 4*° 0.255. (founai -C, • 54*41 8« $*2| Gal®.- 
for C6HiE03« 0,-54.51 B, 'f.tsS), — : ; 'X : — :
-,2k ■ Preparation of pom$wiatt-;: *-■; * :^ vr;- ,■ i - -
.. J&ttsre* at tli® rate.-of §*§4 mols#./ to#*- wa# passed 
:ttora£h a ujoluiton-' ^ t t s r t»~ar.,i to&roperoxt&e ( 4*.£- *g» ^  .
$#04. mol$*} (5 0*0*) #tmtatoiBn £0$ sulpterie
eeld ’t©#02- o#e#}* at O0 t £©# W  Blm# ; Mo irialbie- eh©»ge>
;.he& o A ft*r  stsmiiiif a t .»om teis^eratar® fo r  •.
f  to # |a -p -a lt yellow ooloua? developed*./ f to  rt&otioa- 
mi$ture: ra& then washed with wad*to I f  IE. 4 e*##)* dried*
■iM distilled*, fielding the. foilowlmf; fraotiemfit ■ '
7 («$. hydroperoxide (0#S gi.)*\b#p*:v4 3 *^ ° /i5  wU
e|0 . ; " ’■ /;■ ' ^ : ■ - : ■;.:;T;'.'Uf:,
; : { & }  ' t e r t . - s s g i  p e r a e e t a t ®  ( 3 . 8  g * ) *  b» j> * £ 7 - 6 8 ^ 1 5  © .® .»
4 °  1 . 4 H 9 ,  * “  0 . 9 4 4 *  l r « M .  0 .  9 7 . 3 ,  . . .  9 - S ,  0 1 0 .  
for 0_K140jI C, 57.51 a, S.7^ ).
'5# Irifarmtlon. of ptoseetste: "
■ :vU'. She pa?epemtiv>n of'tliii ooxjowjia Swm:
■ eaas/attested•®der ;• a Miifetrj of ’-ooadllloa©* .Mlotrne,-;: - > 
'C4tf :i#):'tad iai#*hutyl lxyto©ftioxifo"C§:I*)'
to. mixed at -room temperature a«& (1) • •.
(to§toto#); or (11) pyridine (Q?5 0*0#) ra© adtii,rdro^^i»*,
■ Bmoh time there w&© a rapidly tooreasiiig rate 'of :ri®a
of' temperature' followed •ihi5*4$ mist# by a T io ltiit’deeompoai* 
,ti®& eocomp&otod fey eroluiton - of • a■ heairy vepourf ■' •■••;•
' ' fe#:- mixed at room toi^ oxutmre end allowed te- ates4
for two-hours# Cn distillation* -the starting maitriato:A  ^
worn mome red to ^ Ir.  ^90$ yiel&j ;>7'-‘-~:‘- v ;. :■ ^ ■ - - u: w ■-■
■ ■ o#.;: mixed at- 0^.with, ether.am;aotoamt*: or with %S^% 
prtrotearn, a© aotoent*" ami allowed , iu eiasi& tor /rarytog :
■• f©rioda-u p :to '.IS hr# '■ at;0?#fh# ■ aierttog mattrlal^ - were 
recovered to eeeh ■ toetamtf | ■ / ■.. >;.:-.,/
0 ; vto /mixed .-at # *  ;Mto -.
.BOlTaatf aad. with a .tree© (0*02 $•$*) of ©onto mfiphari© 
ao ii or from 0*02; a*©* ; to ;§.*§$ $*.$*. of t it to r  pyridima ; ;
©r ^ rietoflomiiit as eaiaiyirt*:/ f h a w m  0 %mined 
eceu time- to about I5**50ff; f leM*. together .with./Tory tog 
' tinoimts of a .ferowm gum* f rofeahly ;polyserlaal. di&ete&e# .,
U--"fh© following-to m' typital.' a^ erimtsrl. .to'whtoh the
g--m - : '^ .■> w, ■
•■-■ ■'■ 'todro^ eroasida. tf' g*)" and toon,iitotone
(dTOpvioe*. 4*?-. I * ) were adtoi at-,-0? to ttofi? (toy* 15 0*0 
©obtaining'‘sulphari© aeti/iooto*#.0*02 o*©*)f ami;the 
sotottou.m# then allowot to-wana up to ;room; ttmpamtor#*.
too roaetlom mixture .w&3 washed. witto--gv; 
sodium. ■ blemr^ euat# - solution, (octi* * :■ ♦ "<&*«*).* .totm ,with . 
TOfer. (5 a-*d*.)f;.iriei| and distilled* tort*^xifi .toetyl 
itoraeetato | 1 4  was otrtftined as a ©olourles.©
M f u i i ■: wito a.■ fruity'©tour*'- top* 5^*40°/ 0*5 s#m* :
Cftmii 0* ff*Sf **©uia*** -0* 6to?i '»*'.&*
4#- iFrepsratloa of Sditfi' l^ s^eetste " :
- :-v.:At 0°*'a eolation of f l  g*
la ether was tre;ttoi:wlto itoet#ad |4*04 ,g*t
i' astopyrtdlue (0*05 ©#©♦}#' M t m ' ijj sin** a v
ioitol# m^ims water*eooia4 #©ui#»eir iM .m , totnsomet«; -■ 
ms*# atistoei.to to# t-4i#e!cei fl&firmaei as toe relation, 
ire^ox* Si# tempttot.ur:@'#f ’!toe iia litle ii was'-then allowed 
t#; A m $' by'removal of:tot ooollaf tato*U' She' solution '; 
bew~a to loll"' mtaier re flu x  a fto r 20 mto* | . too vigorous. ; 
rtfln stn g  was diseouragoi "by: oooling ito  :re&itioa veesel. 
froii- time .to' time# : J fto r S to* ■•©£' genilt. refluxtog* ■' /
• temperature of t ie  reaotlon nlxture bejsa ■• • -
- :■ .Aftear.' a furlfeer . IP  rain* f ti?e et&srcsX solutiom 
,.wmo a a lo ltrttb  m te r  ( 2 e * a •} # tbe& 'witb mxl^xxt®  s itd  . 
r  o-f a teair^rsxl solution)I'.-Artedi- m& d is tilled#  
following fr&eilcas were obidt&fd*
■ m« ■.' 1 to&roperoxide (2*3 g*)t Wp* 51*5^  tt/is*®*
fc*
. liqu id  ;with a £$lnt fru ity  o^iur (2*5 g*f &7J*)# l#|#v.v 
:57-5JV-.0.3 o.su (fotsud* 0» 63,.S| H, S.S; O ^ g O ^ -  :
■ requires* C, 62.?j H, . ■ ■■■ • - :
§ * ' freparatim^ 'of, p0rme%& t# ;;
7'; Heteae# - a t 'th i  m t e a f  0*04 mol*/, hr** was passei
through si solution ■'©£ dteethylpheaylmet^X lifteef^rexide ■.
.($#08 g*#"0*04-mol#)'to toy bensseae (10-# *§ *)f
fa r  2* to* . A fter eolousr.developed# '
111#' s flu tioa .m # w^#d,wX$h. water (2 sad- witSi - ■
aqueoua J^3^xXa«;;-. ( I ; i |  *«$*» 3 1 j:i»  remora .
Iijtroper0sil@f . triad# arti ■ dietlildd#- jrleX&i&gi ; 
i,:, a*. :ft (0#0& ■■$>)# .b#p* |0*5tV
0*05 ®*m*» 1*524?# probably-tM# fe^^reptroxlt#* and ■'
\
■/•.:. ; b* a eol0iirl#as liquid wltli a mm% smell# . .
■ b a t:wliiob .turned - breTO .a fte r IC Lr# a t room, tempw&tiare
■ m y ?*ret a, ftonoXio eiomr*-i 2*4:--, f*)>: h*p* ■ i f & * 2 B »
IM fv  mhatauee; gave cn tm s a tie fa e io r^  . fo r  ;
per&aetsiter; ;tat -eonld fee easily: decomposed.wiiti a trao#,, 
.of ■ a-. ttrsmg' mia^r^X m id  in to ;p&mol ( Id e n tif ie d  ■ jJ ja . - ■
ita-torimtiTelt-' aoaf^ Rt C yin lt- |^ ei^ lhy&rft^ oae)# 
end; eo@tl0- a o M * ^ v -
S#a*ii ■:p';.§eart&0U5rX addition. reaction®
■v■ :^Ci)i'/IfaC'tlcm® with. 0.:
X* Preparation of 2 s2^iw^s^fwMtylperoxypropene 
-  Byd^peroxitt (4*0 g*) w&m added to
mmtmrn ■■.dontal&i^ s su&phorio \«i4 |f #0 aMt<m©*;'.-0*05 c*o*
oom#, sulphuric toid) end the- elean#; #olonria«
then- diluted nitli li$ii petroleum ,.(.i©- e*e*|i wms!i@4; 
wim. water-it x f - fried* end fiirtiXXM*■ the-’
following '■ fractions ■ were isolatedt .-:: ;
a* ferWfeutyX hydroperoxide (0»l |t)* t?»p* 57«0°Af *#r# i
solution Ifpl st room temperature OYtmigirt* -Itkwaw
' ' W & wiser*
ooloarissa oil (3.5 g.» ?C$)» t>,p* $S-?oV 15-m.ia.,
ij| 0 i , 4 i w ,  a |0 e . - 'c ,  (fo tsid i ■ c» § t.? j i i »-n » i |  ' ‘
l * L j  require®! £#* 5'S"*$f Hf. XX*€y }*'ir*24T4
£repar&4ion of 21 ' - •;
; ->;■. $nT$+mLr*l hydroperoxide {5 g*} wae :' i ? o « ;,-
■■ ■ ■   ■, -, ■ . ■,.. , ' l!
■timerstore to eaetone {<*j?yyj%0; g*} eoiiiaistog Tj&pkttrto !![
..■■■■..'■■ ■■-'" ■ ■* ' . ■' i\'\
aetd; {#«#*»•. 0*05 ©»e* )# v v:jj?t«r i6 hr#* light petroleum ffj
i{I§.i*i*| Tea c3**&y and;the.• tolutton washed with water • ; ' )[j
dried| .and distilled* yielding* ‘ . , |j;:
pp .^ m*,;;tert#~£v*nyX kydroperori&tY (1*8 g#)* h*p# 50**^X°/XS awm* t I,
■' eri ’ ■ ■,
I^^l.aSS ■ ^ ' • ■ ■ ' :|:
s^Z!Zl^S2Z3Z}2ZZ2.t as 3 eoloarleaa oil* ||
(2.4 e»)» b.i>. 68°/ 1,5 ra.s.f (^otenfls C, 62,1| Ut 11,2j §:
C13JI28°4 resmlresi C, €2*8j H> 11,4^ }»
(ii)- Reaotiens with chloral . [|
. X#.’: .X^ tparatioa of l*hydre;%y^^tert*^^ |:;
trlehloroethena • ■, .wVyw;-p- / ft,-' ■ •■: . ■•' '■ ■ - ■ -''W;:. ■ .-;■■■■■■■ -^: ■ ■ ' . ; it.
■ :■■■'. ■•'■■■.■■. :v. , , ■ . ' ; ■.-,■■■■. . .' lj.:'
Chloral (4*4 |>* 0*03 mol*) was slowly added to j
a eolation. of 4££t*-*-t)utyl kyd-roper^d# (2it g*» :8 *0 5 mol* } ■ -j.;
to ■etv'r {10 0*0*} coutatotog ooaaeatrated .smlptariO'sold , |
$O*§4;0*0*}# at 0 * fhe^  resmlttog .aotmticm»;after X hr* ■ iji
at' this tss^ eratorc* and 16 h#*; at-room/ta^ peratju?©, •:;*&* j|i
washed with.water ( 2 x 5  0*o*|# driedt.and.distilled* h . , Ij
Caraaoted thldrml and hydroperoadi# were reeowred %y: ;i
keattoii mi- €§*Vxt fte raaiiml aolomrleas oil# mi ij
Cooling ami soratehtofi/©altoifiad C§*0 g*} ant'tot a m*f* I
*04?*-
of'- 5X«51*4° *  t o : roorgrsiMMsatiom  from, l ig h t  .pet.r©X.©iim#
. was
oOtatosd sa- Oolourloss noe&Xos* (4*7: g** 66$ J# m*p* . §2*?*> 
53-* - thin £o t © a Xargt dspres&ion of to# molting .point.
on mfeixture with e&Lor&X fcgrdr&te Cs*p*.,|X^ ) md also 
slowly llbemtc-d io&to® from, aoidifiel st&?oh*iodid«' . 
paper*-- Taugh^a end M s  e A t r s - C I 1 5J report sup*./.. - . 
j6»51° for tills oompo'smd prepared to 27>t ^ lei&py too-;-- ■ 
m m ttm i of tftrfr*~t>ut:/l witli, ©Moral, M-
i ^ f s r l  h r* to  to© presene© o f talo iam  e h to r lf*  fo r  too  
rssaoval of wrltr of' roootloa#:. tto produot was- isolated 
fcp.oo-QXtog-. too^ .roeotioa-mixture' to *40°* . . ■
l*o*'-' Bs&dtiom- hatweaa.- .
2iIii*trtoMorootom# ami' -
•;- . o.^t»*lmtyloorQ»,^2t £ i2*trloblorootosgio'
(0*7 g*).0losolrod- to ehXorofom (5 c*©#) .was a45ad at 
room .:'t©&p©r&tor©'..to a aolmtiw of xesatoytool {0*6 f*:* .
1 ©$uiY*),to gtooial' mootio ©old (10'0*0*)* M t m  ■ 
ir£porous stirring- for f to** tos © Mo ro f oi m  wmm
sspsr&tod. ss&‘to© aguooms layer usmtraliBOt with sodium 
Me&rOoaai*.-..solution e^ ..©xir&et©& with othor (0 at 5 '0*e«)* 
tlm oomhineO - organ!© ©Creels- wort wmhs# with- wsisr 
(2 s 5 ©*©*)*toiat*\’iM. toe sotoeat removed, fcy distillation
presjsurc* 'a wklt#: solid*
wm :'&&93e$&tsXXi#$d: from:m%m'm%: to '.ytoil:toXourtoes'■ 
m#tiX#s o i T i m i t M s t o s r i  peroxld©' 
m*p# and mixed sup*1" €4*65%'.';:
$• Ucaetioa h®%mm morosldii
a&loraX • • ' v • ■ 7': '7;'■ ■ - ;' '' 7'.
; 0Ml«al (1*1 £*) wtoolo^y added t# & ■'soiutiosi :©f;':': 
»mtMy&ryX pt»xSto (1*9 £** 1 e^ut?*} to7- 
. e ito r  CXS o*$* ) o©aietoi»& ooaoe&trated eulplm rla sold  
{©♦II: t*§#J| at O0* M % m  st '
r©«. tes^eTOtar©.* ■ toe etoertsl s#iuttou' w m  wlto ’ r' "
wmtor {£- "x '4 ' tot :w k m  dydpoWied ©ft
mt' roam teaiperatope# fM# r©©idu©&>©& ti%«Ad*; eftey- 
X; day* Mad tepeiditi ©*yat©!# to '# meto-eir lifter* ;
fhi solid (0*$$7g*) waa: 'filtered' off .'©&& re©;^at©XXised 
from (0#7S 1*1* *k>p*
«md mixti 7;":; - .^ .->\> :- ■., ■:■.,.■•
■r <iit> Attempted #©&©ti©&©:- witis
Tm ©$&*rfcto& material® m m  m o w e d  $&©» toe . ' r'
. faXlawiu# ketone© C -to ©see©©©) tw©t©& wltli ,_tert*«» 
butyl lydroperoxid© {1|* to- ©©©&• ©^erimeut)' dieeoiired to.
<4L4$jN».. ■ , ■
l^eetal: .aooii© .©old (8*42 ©#©*): eon©«teate&
gi4jtert©• niit ■;(§*5 o*c*}» ■©%;ro«■ . ' ■ the'.;; 
m m tlm ': tin# varying Xroas-X- fisgr'-to § w^ ctsa t eeet©** ■ '
|*e*iil* aMiftoa. .r®fcOti©h&-’ • ■.-0.
■ * ..■■■'■■ ■ • ■ - .
'-: . ^:; J' ■ Hoaotlona with '©1uyX&Ao o x ii#; .
(4€$ w/V.s®l&»# | . § t f t ) :m i  added 
mmtMg l i 'td s * *  md todrorsegoxie© (4#4/g*| "r
was added faring 35 mt&** to ie o l& iio a  of- eihyXca©re»i&© -: - 
(5*14 (20 o*e*|* m% «4§#* ‘'■’;':H alf m  feomr
later* %cm tolmiioti.  ^at m m . temper** ■
atmr# for 4: hr#*. the- .eilioreBl- I b ^ t h e m ,  ©epto&ted* 
washed with water (3 x ? o#e*)f dried* and d is tille d *  
fitldlitft; :■ . : r;.5' v ;^ w :.'y' ; ‘- -: '
ZZ-37®/ IS s.»** :»|0 1*400.'-'.. ' - / < ■
■;■" ptroxid#*' ©& &
e#l<rorieB«. liq a ia  {1.S ...s*>#-te*®*'?3*550A *5  a*®*,- : >
*J° 1.4245* eja 0.S5C. : ■ . ■■ ' ■; ;
■ : f h ® o f .  fraction %* was prepared"'"; 
warming~ the peroxide with Sif^ttoitrolaii^o^l
ehloril® Cl ©awlT*) «•!»• pjrrMin# (1*5 tfaiir*}:' and rto^Bfai- " 
lining ill# ppodu©% tmm 96$ eloohol* fh© 3'iJ«4liiltroi#na;©at#
■ reerysieXXtsed as Qolour&e&&s'pX&t©Sf fn*p* €t~i5#A:
; • mM*; resrdXis; -'-tilai^"'-Jfttwrek:-'■«ag^ap4jBw»ih
were"s im ila r to those o f Bamseh and Bayn#:'C lX f)*
::itte B ^ te ';to' #s«y' out the ■-apeeotlon under siMer;oomditioms*.
. #aoli' as ■.msin.f pyrid in e tritth ^ X s a in s * or under 
cata lys is * resulted  in  fa ilu re  to  obtain  the - desired.'  ^
product*',; the  fo llow ing  is  e» example* ' \
. Sthylene oxide (3*9 g*) was; added*..at 0 * to a ..." 
-solution o f t^ r^ a^hutyl. hrdropegosdde (2*0 g* )•in  ether .
•(5 o*o*) containing oanaenirated sulphuric e tM  (0*05 e*@*)* 
After 30 mia* a t 0° and 2, h r* at room t  o p e ra to r e* the 
.-■■solution was further diluted w ith  e th er (5 o*©*)*; wash@4, 
with water { 2 x 3  c*e#)* dried* 'and distilled* te.rt**»■
f ' '.*■■■■ ■'
Butyl-hydroperoxide (1»6-|>} wme reoorered*- b*pr 3S,/XS m*m*
; (11) Attempted pr© m t l m  by the use of
styrene oxide
1* Ireparatiou of styrene oxide <!'" ; : '
" - Perbenzoio as 14 (23 |> *  prepared by t ie  action
of sodium methoxid® on beaseyl Befoxtd© as described in .'
reference X tfi) d is s h lT tt in  ^sloreferm  
• (3O0 o*e*) was treated w ith  ©%r©na (20- :'.vv;- .'
.After i hr* of; 'wtgorous- 'shaking. and- m further '24 hrt’-of ' -
0%  the ohlerefoini. soXmt-ion 
ea&etie #ota:::|10^ soln**'\f- x ,2 f ’.0*c*)» cM::tl«n;with' ;'':: 
wafer Cf x 20 -0*e*)> dried*.:t33d
©xMe wEa-oMainei as’m :#0l§ii*d0sa.:lifuit'iXth:ea mromsti# .} 
odour (15 4*)i b*p* 84**0§Vi5 m#®* A considerable :-g: ,- 
amemi of polystyrene was. eXso.femed* . ■ .'■
2,* Inactions with hydroperoxide® ■ l):.ngV ..'h:h ;g ';m
Bel the* SfZ^*wMtyl nor $ffrft»Hggarl.. "'■
-was found, to react with styrene oxide under ',tli®;,oontiti0n® p. / .' 
described in  the foregoing experiments wlth..>«:tiiylfnt';:;;..;. 
oxide* h the attempted preparation of 2Whydrox^4*»terl**». 
toiylpcroxy^l^phenyXeth^ne in the presence of potassim ' 
hyfroxii# is g I r m  aa 01 exordial . ,.,V:;-. /, .. ,.;
: , fotasslm/liydroalta (4v^  ioin** 4 #*#♦) tiarlmg 
2$.m&ri+ m 4  .t#rt«.**biBLtyl. hydrooorejcito. (f*$ §# # X c^ miir*) 
during 40 mte** wtr# :added:to a ■'solution of'- styraae'eodds:;
(4*8 ;§*) i& other (10 -".at i#*:, .'After rigorous stirring
at rods temptrmtnr#' for' f . to* * the ethereal layer was‘©spa** 
rated* washed with water {2 x % $***)* dried* and’.distilled#
the;, fallowing two- fractions ■■■were, obtained*..
:k.:\ w ;  je^*wtetyt.:hye:reperoxiie^ (t*$.:s*)*;b*p* 3S°AT »*»i:
■;,,.' : hi ;:styrene oxiia (3#s g*J* b*p*.’i3*H4^Af .m*m» I ■'
6«b* Ee^erolyeis .■ ? :■...- •- ■:■■-
d *b *I* fhe  acid-catalysed decomposition o f p e ro ^ : ester®  
( i )  BeoosKposition w ith  60$ perch loric  meld 
1* flic  decomposition c f l - t e r t ♦ *>butyl hydrogen 1«*soj*©**/ 
perphthalate
I w tp rt*-B u ty l hydrogen l^onoperp&tfcalet© (0*5 g . ) 
.dissolved in  ch lcro fom '{dry^  -iS e*<u> containing per**- . 
'.ch lo ric  aeid (60$ soXn.** 0 *2 ,e *#* )  was heated m d er ra flax , 
on the eteos bath t o r  25 ito .*;3 M  cooling* p-hthsXtc acid  
;:(8«3 'g *) f  s*p* and mixed m*p*- X$J~1230(deco&;p) separated •• ■• 
out*- B le t llla t io n  o f . the f i l t r a t e  Into..Brady*a xmgm%  . 
yielded the 2*4^initrophenylhydrason.® o f-ao tto fit,,(§#42 .§#) 
m*p* and mixed ic*p« 123^124° ( d e o o m p * ,.j.v :
«.»•.
V ,. ■■- ■ -■: - -■ ' • -■■.- - • • . '! . ■-. ' . ' ~
2* fixe decomposition o f hydrogen l^o n e**
■ftrp lifhalate  : i -
- , ; . . .  . ■ vj«» |* r t*«€3isrl dartooaea l-monoperplithsl&t© (©*5 g»)
- dissolved in  o h lo ro fo » '(d ry * . 15 e*o*) containing per** .
. e h le rid  acid (£c, f..§#2 o*o*) was..heated under..re flu x  on 
the s te m  bath fo r 20 min# ©a working up: the  renciiom  . 
jBtxtaa?*• es in  the foregoing experiment * pktJaalic a© id  : 
:{t*24 ! * ) ♦  tt£P* and mixed sup* 158-200 (deec pp# ) .:i i t .  . 
■the'.?i4^^trophenylhydj-&aorio o f acetone ®*p*
and, » ix#d : m*p* .123-124° (dec© > ) *  w ert obtained*
5* decomposition of ^ ,©rl»wbutyl perbeuxoufe
' perbeneoaie (0#5 g») dissolved in. ■
dry chloroform (If o*e*) containing perohXerte eeli 
C6C^ sein#* 0*2 0*0*) was heated wider reflux on the 
steam bath for If mte# and the mixture was thaw distilled# 
2he distillate wee collected in Bre&y* s reagent (5 e#0*) 
and the chloroform evaporated off on the s t e m  hath 
thereupon the 214«^dinitrophenylhyd»£one of acetone 
CO*Sf g** acetone equivalent* 82$) separated out* fh# - 
residue* after rearystsXXlsation from hot water* was 
h m z o i®  acid (0*3 g#* 95$)# m*p* end mixed m*p* 12§*4t20*
(11 ) Pee opposition w liii eoM astrated  sulphuric acid  
t-m the  itecm pesifiem  o f kyircgea l#®ono»-:.
■perphthalate^  ;:.; hr:w-' - vih. h;.h > .-' s,..h
s ,■ fit®, p erester ( f*4§, § * )  dissolved in  e l& ersfem  
( if ,c * e * ,)  'eoatalningnialfhm ri#. a o ii feouf** '0 * t ;e#e# )  ■./'; 
was heated- .under re flu x  on..the ' etcesi' hath . fo r  I f  m ia*..,^  :, v: 
0a. cooling* jh th s lle  1 acid (§*2$ g**, t.J il)*' m*p* -eM. mixed 
m*p* Xf£~lgS q; (feeo ^f* 1 * : separated out* ■. treatm ent o f the  
f ilt r m t#  w ith  sa m nm ®  o f ir a % f.n roaqeit.fo llow ed  by 
evaporation o f . the. oiilorofoim  'ea t reergrstailleetiom  o f 
the y e llo w ' so lid  which was p re c ip ita te d * /gave -the. 2 t#**
o f eoetone "(eeetoae tcp lTO leatt
—X§4— '
0*0? £»$ 122*424' ' (deeoa#*)* : -;
2* ■ She' decomposition ;of hydrogen -
pr r i j h t h a l h t e . \ V M -Y '-'W— , / v-/; - y Y
:Sy -procedure-' sisilar to that tiiployti' for- .th# 
decomposition of the ;t,*:glt»~h&tyi- rorestor* yyy* ■ ■ .
•®^ rl.hftrog©a l^ monoperpliflialat#'. (0*5 #*) yielded phtksliO; 
acid (0*2: $#)* m*p* and mixed m*p* 200-204- ' (dee®p# ) : m& ,.. 
aoot©&e*:fa*p# aad mixed m*p#:- of-tha :;v
hydraaoaa* 12X4L23°{deaomp*}* • • • ■.' ■
3* She 'iecoiBposition of X-dlm£thylph«n^ 
l^oaoptrphthelate , Y 7 hv:..:■ ,■>
! She-poroater (0*3 ■ $ « ► ) dissolved:--in ohioroform.
(It o*o*.)"containing-a It# sulplmri® acid (w/v*
a:glass rod*:'wetted with t&era$4d*w^ ■ ■'
oliltrofoBi)*^ -:Mt#r 45 min* ■at roes'ti^emtmrtf "trystsXs . 
of phth&tid - aoid hog u to he .depoeifid om .the'bottom'of :th# 
■reaction■'vessel* ■ th© isitiaily oolourfLess: oolutioa■'■.
w u
becoming. yellow*'' .■ "if%m' an ad&iii ©&ai‘ 13' mim* t the solid
• 5
wm filtered"'off cuii waoked -.with ohl®rofom:;(t ■o#o*)* ■•■ ■ ■■ ■ 
Boerystaliisatioh'from hot water'- gave,'phthali© said ■-■■-
f0*11 g*t $2/)i m*p* -sd mixed .m*$* '‘:2®U204*'.(dooomp*
.Evaporation of the chloroform fro® the eombteed chiorefom 
' solmtioiis left a yellow oil Mill a oharaoieristlo '.’phenolic 
odour* Shi a was identified as phenol by its- bromiaatlon 
to for® 214 *€~trioromophesoX (i*S":f*»-:
®*p* E1-S30# fro® a similar :t^erimtatf &m % m ® w m  '-"p^ 
obtained from ilm ehlorofoim solution, as the 2 ti^ dtoitro- 
'phenylh5drr2oii8f m*p* sad mixed ®#p# X23M24®* ■;;'o
-Sa*V: 'fM® instability of l^dimtthylpheBylmethyl hydrogen. 
i«.moii©perphtli£ilate ’ ', '
" /'Attempts to prepare'this paresier at roes'teiiperatur# 
, result te violent decomposition accompanied, by. vigoroms 
■" ©volutioa. of ■&■ thiai'amoigeyvapour* - •.fbe-following: is
v iyjdtmlI:y P Y'; //v./Yv'
; ,. .fhtheiio-anliidrii#-Cf i*)' was wadded to a tdxtmr# :
■ of; the;kydrc^#roxite (5 pyrlMw. (4 ■§*)* - After
10 sin* - at; room .te^ermtorf t/m war^rwiolemf fieofitpopitioii 
-ooourrtdt ^ ^ ^P^tei br 'tht-evolmtioa #f he&Vtsai .iw thick* 
''■heavy cloud*-'- ike■< yeaitot* ■after itoompotitiom* had a- v 
characteristic phenolic odour*: .;■■ •-■;. ■%; ■ p . . . v .
Slight t o m m  o f m M m  omm® rapid' decomposition*
7 the per#©ter |§#2 g*)' wa©\tie©oivtd .im aotteme «md «- 
■-: precipitated with, dilute hytroahXtrit -aoid* . It was then
filtered off* washed with water {§ ml/toted;,.
%etwt« fit### of filter paper* ., Om t0 : tftensiii#
it# melting pointf violent, tetomposition ooomrred 'at ■ !t. 
'gtrea 4§^ * the solid was placed la aitsiccafor amounted 
at the water pamp* ' if ter about 1 hr* *: i#o^p#aitloa again 
eeouxredi filling the desiccator with a heavy-/ale  ^
the solid residue* both phenol end phthelieAwere; l«olaied» 
Storing of the perester: .at .room temperatsire- or la 
the refrigerator remits in slow deeostpositt m * probably- 
by o:scygem*»oxygen hemolysis* one of the products being ' 
phthslia- -anhydride* / ^:' •
6+fe#ll« $he s ta b ility  of .the e a s y g ; - hont - 
wea^y aoidle aolmtlou'- '.;
, ;|p In glacial acetic *ct&,.;v.,'; \ '
1 * : hydro sen, l ^ m o p t r p h ' t h a l a t f  r
■ . X**tert*«4fcityX hydrogen l*^ taonoperphthalate {0*5 #*}’'■> 
tleeeived in glacial- aeetie atid • {1© 0*0%); mm mllewet- ' • 
to. ■ at ami-at’ room temperature for If-hr* ^ ■then-poured- onto
rolls which separated (0.3 g*}» s.p. 
fS-fS0, wssi wexyslslllsed from ether-light petyoleoa -■ 
ssixiur® to yield.fine aaeeSlee/of -the naehaageS gerestes?. 
(0.4® g.)# »*p* *«4 al*e4 m*j>* 103-104®. ■
In another expertmmt* the pereetar':(©*§ g*) w$m- 
dissolved in.. glaoleX acetic  .acid, ( l i  e*e#J ■ a M ;Meat#§ ■ to  
60°*:'- then .maintained at th is  temperature for X§ mis*, -
v;, '^;::,.' ■  ^ jy ■■ \ : .On powiag'the mixture onto oyus*?d ice end m p u r m M t i g  v 
th# solid which precipitated: ©mi* the pure perester w a s : 
recovered after. reorystalltoetlon (0*44 g** 88$)§‘!iiiip* ;• • 
end. mixed. m*p* 103~1O4°#
t* ■ l«»Aigfc»«Jtol hydrogen l*tomoperphthalat#
, f i l l#  ■perester* mider ^ s im ila r eomdltion©# behaved.,.
.in. an - mmuer to t> a \Jt.er^ *«*,batyl.. derivative* ~ •
.anil, was recovered from g la c ia l 'ac e tic  acid .toimtiom a t  
■room ttti?@ rator# fo r  16 te ** . 'aM ' mf S t o 'f «  i f t ’ mia**', ■ 
to, fU t ant i #  yields*'respectively# ,
*Wj*<iNgbifc)iiww wb*
.5#.'^ 'Xtothyd^ i ity : >
: hydroperoxide' (0*5 :g*| was dissolved’ ■
'to glacial" acetic  ©old aM  le p t ;a t room temperator#^ - 
:t o r  % €  h r *  t o  p o u r i n g  « i #  t m s h a i  t o #  a n d  r t c r f s t a l l i o i m g
#t • ’ r ■ >M ■ ;'
the s o lid  (0*46 g*}*  m*p* 142*145"#':'’iftdoU'««©-ijaratod* 
di^xantoytry i peroxide-- (0*42- g*># -top* ©u& mixed. m*p*  ^
If4 *4 f5 ^ *  wm obtained $m ftot* oolourless- needle## : ,
l a  b o ilin g  oM CM fom . ■ '
Each of the following peroxide# was dissolved in 
dry chloroform (0*5 g* peroxide in 15 #*0« ebXerofora.) '
and heated under reflux on the ©teem bath for 20 min*, : 
file peroxides were recovered in the yields indicated*;/' .', 
l - te r t * ~ 1mtyl hydrogen l^monoperphthelate (SSi5)#- '
amyl hydrogen l^ monoperphthalate (92/)* .tgyt#«ftutyl - 
perbenzo&ta (94$)* and xamthydryX peroxide (99;?)# hf • v
S*b*ttX* fhe acid-catalysed decomposition o f xanthy&aryX ■
hydroperoxide- and. :ximi1sydxyX peroxide 
XtothydryX peroxide 
 ^ ; te re h lo rio  acid (0#5 e*o* o f a solution ) was
adda4 :to  a solution o f xmihydryX peroxide • (0*5 &) in  
chloroform (15 e#o#)| a yellow  precipitate immediately 
'separated* fhi© decomposed incon sis ten tly  w ith in  the 
range 125-150°*' B o llin g  In  w ater fo r 5 mi a* e ©used the- ., 
■precipitate to  turn w hite* m#p* 120-145°# Eaoryataliiaatlon  
o f 'tills  white substance from ethanol (35$) gave colourless  
needles- ..of the s ta rtin g  m aterialf. .sup# and mixed tup*,-
... - '''''■.. - ■ • . ■. ■; ■ i ■ . -■ ■ .• i
154*5°* ;;: After standing' at room temperature* exposed-' to 
air* for- about 12 hr** the yellow substance - turned % sw m $  
but did not ehemge its decomposition to peratnr® range* l»e#
X25-XfQ°*:I Eeattog/. the, :v ■:
acid"mixture ./mder..:m£lux.'for if mto#:* followed-. by. p,, 
eooltog*- and ■removing- of .-■ th«:-,»oiveat ,uader, reduced pressure 
left - a -broinr.tar which. could itoi/b# solidifiti by eooXtog - 
.'to a refrigerator* &<*rateht iw* «n,by: vacuum deaioeatioiu':)■.= 
An atiioraal1- 'txtraci of the^tw yielded a .semi-eeXto residue 
.which on, .saveral reory-staiXi.smtiona from 8C7S supieouai-',;.. v 
..alcohol- gave email amounts of xanthydrol-(SO.is*g*)y,©*p* 
s i M  s,p* 122-124°# an# m&^hms (0*12; g* }$\ .sup#'- to#--
'Mlaced gup* X63-X?Xa* , . jV.;':-:' u/:'
2,* ■ ^ ■ JCsathydryi- hydroperoxide-u,
,:.IMt behave# ;,to .an'-cxaetly- similar maimer a# 
xanthydryl peroxide* unde? similar. eondltions* f&e ^
hydroperoxide t m  t o o m ; to di^sutait into, the diaXlqrl 
peroxide end hydrogen peroxide in.' efuimoler quantities 
to tlit presence ^ f '€iOld# (tae,page .112) * .  i
6#t>$ tv* . She- b&se-oatslysed decomposition of namthydryl 
"hydaraperoxlde ;
(1) to approximately HI e^aeou& poiasisiiM
hydroxide
lantoydiyl^ liydroperoxiie (0*1-g*} dissolve# to-
■j^ e©&©X;.($6$* X e#$«)waas. treated. with, eq.ueou®;; p0asslm 
Ja3rdap0xl.de... eeXutioa (Xe ♦0*, 'of; 6& approx* 131 soln* }#
:A wfeitt solid tli-os-t i»e&iately .eepar&ted*- . to filtering*., 
wm^ titeg with water. ( 5 c * ©■* ) > drying» eui. retrjetsXXlalfiif ■: 
(from 9£$ aieoh©!)* the seiid yielded .amiho&e (§Q 
sup#- ©ad-mixed m*p* 17C-X750#' iV y ■/•,,''■■ '
appr©.JU^ ielgr 5 ^  aXeeheXi© potash :- 
■ .potaesim hydroxide ;.CX: e*#* of :fm e* %rox*':- §1^  /■•■•-..'■ 
-a io o to llo  ©oXh*|t. -to ..the hydroperoxide ,.(0*1-g*) '
\ dissolved-'-ta aXeotiol (X 0*0*1 f€|^*coaTerted .the'hydros’■ 
vp«roxide\.aliaoet/iaJicatitatlveXy.teie; .xanthoaer. (©*05 #*}*.
; sup* .-■ aM mixs€ m*p* X72--X74-0# mftsr 30 mlm*. &t; room: ;.,
te^Orature* - v ' y-^ ' y,
' ( i l l )  :;I a :appmximat#Xy. v leo lio lio  potash..
' Xfiathoae (85 M  m*p* ■ X.7X«*17S%
was ohtaiaed-.after' 30 as' txperimcurl similar to the
■'preeedia&g* ■ ©aceept-' that’ 0*6$ 'sXeeholl© hydroxide
waa msti*: :y y-■'- : "■
' the of .feroxy Inters;: "
6*©*X* " $h# decomposition. of l~feifo»~but:?fl hydrogen '
X^ oaoperislitlialate
"  ' " l^ iioiioperplitlmMte (3*0' g*}
m s  placed in a 25 ©#e* romd-botlomed flagte; fitted with 
a" . site arm# end' eosmeeteA to four wash bottles in ■ 
aeriest the first two containing Brady* a repeat (5 0*0*
eaatiJv tlie.third lime water* :«d the fourth bromine in
carbon.' tetrachloride* the fit# container# were ©XX :
earifaXXy stopperred# except .that-.the'last bottle*...i*e*:- ' >< •
the -on© containing the bromine. solution#-. was- provided.' .-,
With mi outlet to the; atmoeplitre* • ©a heating the empX# ■ " ,
in the £Xag&; to XI|# tellperatare^^rld.»totalmiag -
it at this tesjper&ture, for 2 itsitt** ttooa^esitien
with the evolution of -a white vapour* the- Xiipdd melt- -,
©iwllaaeously becoming, mil'll* ■ After 15 additional mim* ■
at this tea^ er&tur©#.-.the foXXowteg.. produo to .were isolated!
a* . acetone# ;aiW "the f i4^ iisitrophenyXliydra^ om# i&#5‘ g*5
sup* and mixed sup# with m  authentic ■ epeeimsn.# l«23»Xg4%
b* phtheXi© acid# after trituration ©# the residue
in the reaction flash, with eoli* dry# chloroform* and
■ reoraretaXXieiug the ■ IneoXubXe residue from feot water*
{1*2. g*)# sup* and mixed sup# X$S**20X# (deeoap#)*.
' ^ 6 2 * *
c a* ' methyl hydrogen phfhsl& tt* from the chloroform . 
extract (0*23 £*}» m*p* end mixed m#p* 82-84°# and
6# a small cimmni o f phth&lie enhy&ride (50 m#£> )*  
m*p*. and mixed m#p* X28~X31°«
6*a* i i#  the decomposition of l - t e r t #«»myl hydrogen'; ;Y:/ 
l^ morioperphttelaie'
By a procedure similar to that uaed in the Y: 
foregoing experiment * hydro g m " X-smomoperphth-
&l&te (5*0 g#) yielded phth&Xio acid (1*0 g*)# m*p# and 
mixed 'aup* 2Q0-2030 (deaosp#)# acetone (0*48 g*)* sup* 
and mixed m#p* of- the 214-^ dlnitrophenylhydrajsorie9 122-124°# 
end phthalto anhydride (0*15 £>)* m#p* and mixed m*p* 
129-151°# On ew&por&tion of the chloroform extract* 
a small amount of a slightly yellow oil which-gaira phthalio 
eoid on warning with a few drops of 10 M e&ustio soda* 
was obtained^  ’&a oil %*m probehly ethyl hydrogen 
phihslata#
,6#d* .Heterolyal© ■ '■.
jb y d w e p e ro id rd e  ; ; :
%Mfte0p«axit0 (§*tf©X g*} dissolved to- 
£leel&X: acetic ...acid ($5 o»e*) fit!leatei at 60-65° 
teth.tei^ erature) for 15 *ato*t t*\ca cooled tmi diluted with 
distilled water {75 e*e*)« \ flte solid which- separated mi 
was filtered off t a  gtoteped gXaeit; funnel , waited ■ :. 
'with distilled water (13 -;ead ^eoaiysislXised. from. ;
doohol (SC/)* yielding white needles of ximihj^r^X.; \
peroxide (0#1T.g*.J €$/}> m*p« and mi»i sup* Xfi**?0* :v; :'
■' f&e eemhtoed filtrate a^ d washing from the shore ; - 
reaction were titrated standard.potassium pnmm**-
gasate' solution.- (CU0G3$iJ} to,the first, persistent eoleuto«* 
tion*. 'It the'©©me time* a 1sX^ :;;fiitimatloii,of glacial 
acetic .m tk (£$.o»e«) end. dlstillei water ($0 c#e*) was ./■■-, 
also.run#; ffee hydrogen peroxide. ratoe. obtained in thi© ' 
way was $3*5,* of .the .theoretical' we&ue* . ,
- In a similar esperi&wtf ■ except.that the solution* 
after heating, wan topt.weli.stopperred and to the ia^ r;- 
for 3..4ay^ t, the ..following.raaialtswfra.ohtaiiitai...:
' field of' pure- xaathytryl ’peroxide* $3#
■ Hydrogen peroxidet -detersatoed yolu&etrleally*, §X#.3$-
-Beaotions.- with ' sodium ^€ul^tesi0*': ; ; ^
famaiiom. of ;!
X* M~xmthyiyyX: peroxide „. ■
, v li*«©^ tfeydryX peroxide ■ (t*20 g* } ms> dissoXved te 
l^ aclal^ actiic (It c#c#4 ©nd/ added to # solution ; - ■ ■ 
o.f sotton toluene ^ mslphinate (0*22 g*# 1' im :tSur -
solvent (3' ©#©*)*- ■ After 2. hr* at roon temper&turet ^  ^
;eoXciufless-needles began to soper^ te#- ■ After eh tldltieael 
toiar,:': the ■solution was filtered# washed with froth eelirent,. 
(2: cue*)# end the crystals dried’to a. waeuum desieeater' ■
. timrged- .with- anhydrous eelolum chloride ■ ani f r#iir;ghawiag#
•. of paraffin wax* - this yielded xsntliytryi. jj^ tolyX m&phmm 
(0*2S;f*)# .m#p* '210*213% which, ©m recryetelllsetien from-- . . 
ethanol (§€?!)' ga^ r# ool@url.ts0 needles#:. ia*p*--;214»213^ *.':: ■ 
Pouring,the' eombtosd filtrate# onto eTOshed-ioe#;v:end::- - 
isolating/ and. reerystaXiistog the .solid 'which was. preeipi* 
.iteted# 'ylflte4 aor@ :’mlph©n# (O*.05:f*)* -sup*''end .mixed; - 
, m*p* with-'Shoire -product#'114^X5%;. total .yield of..,. 
xanthydryl ..g^ telyX'-eulphene#' §*31>f»# :S#* /
•;...IMer idsatieal-eanditionsi xsnthytrol -gave- the '■ 
&«*tolyl eulpftionet m#p*. «nd: mixed -m#.p* with the- protect fro® 
.;■ acanthydryl ptroxiif# 214~2X5*# -.-.
2*. X&athydyyX hydroperoxide;'
Zm thy&ryl f^droperoxi&e (0*40 g * } dissolved i n  
glaoioX acetic a c id '(10 e#e*;)'was added-to ^
cfGsotiiim'tolmona £~£wXpfotaate (0*40 g* $ 1 e&uiw* ) 
and the s o lid  m aterie l which separated out was f i l te re d ;  ' " 
o f f  a f te r  45 min# a t room temperature* iM s . so lid  
(0*50 g*}*\te*p* 2OS-2120# was re o ry s ta llia e t .fr0m::al0ohol;., 
'y ie ld ing  xm thydryl &~ioXyl. srolphone (0*46 g* Ji'cmip#;m d - 
■mixed m*p* 214^213°, as v e ^ /fia t whito nte d its *:';.;; 0n: pouring 
;th#; f i l t r e t e  amto cruse-d let''and re o ry s ta llla in g  
separated m aterial# more mlphsa® was obtained' (0*0$ g * | * :' 
m*p* and- iaixo4;m*p* 214-2130* to ta l y ie ld 'o f;:^ ^
0*54 I*# §6P*Vv : ;
■f*- ■• ;tert**Cutrl:ranthrdiWl.; istroxid# ''-■:1 -p--'
t e r t * *J u tr l xantliydryi peroxide (1 *0  :g#)-'dissolved- 
in  gXaoial- a o t t le a i t d  ( 1 5 'e*e*:) ■ was-.added'. to' a: solution  
of-sottem toluene'f^sulphlnate (0*8 g*) is  g lacia l:aoetio 
■acid (5 e* ’e # ) * / ’separate,  out'-of solution ' 
almost iM itd ia ta ly *. ;; A fte r !  hr* a t room temperature#.': :
..the-: s o l i d - i r a a  f i l ' t e r e f  'w a s h e d , w i t h  a c e t i c  a c i d  ( 2  o * e . ) t  
dried#-and reoryatallised from £CA®aueoua eloohol* f in e  
ooXoorless needles'of rsnthydryl jwfcolyl sulphoae (1*0$ g#$
top* and'mixed top* w ith  tm authentic .specim^* : 
fX4*«2X5% ware obtained* , -, / vi - - v  ;
Ja* Identification of torto^mtol todreceroxids Broinoed
to the above reaction ' ■ ’ .,’; ■ -ys:^ -;7; ;' ‘:;a:• * . ; ' 1 \1
She combined filtrate and-'washing from; toe ;e&qv#\:' 
reaction was- neutralised with sodium hydrogen carbonate ;::. 
solution#’ extracted' with'light petroleum (torioat 10 0*0*
§ e*o*# 5 e*e*)# toe combined orgxZle ex trac ts  washed 
w ith  m te r  ,'C5 0 #©#)# md d ried* ' A fte r evaporation o f 
.tot- light petroleum a V  toe’w a t e r  pas&p# a -pals y e l l o w  ;, ;’;,.’ 
l i i u id  reaatoed* g a v t;0 :psroxM#' re a c tion  w ith ,.;•?■, .-
a o £ d ifitd , B t& ro l^ to tid e  paper end had-the eS iaraoterlstie  
odour of *»^*mMtyl''hydreperoxide* toe equivalent'of. 
phiha li©  erihy&vl&* (0*55 g«) was added together w ith  ;. 
t ^ rpyriito#; (X*§ "#piiv*)*: y ih#
was- then'aliened to'#t&xdvmt''ro«:;t^^era;%ur# for 16 hr*# 
then heated ;to.:6it;"for 1§: mito-V eeoled/-diluted with :m v 
equel'v©Xutfe o f  ehiton©# end then.. treated' with- sulphuric 
acid"(©&©#■#■ f  ’ t# o *| to' ie.e*«atof.’ {15 0 * 0 * ) *  : A f te r ; : 
dilution,wlto’ :iee*w at© r’to about-:-to u r;times,,it© volume#. . 
to# solution wm# eitracteiytwiot with--ether (f -x 10,e«e«) 
toe- eomhined extracts dried*,-and itheu-' evaporated, at
»1CT«
rcom -teppeyeiOTe# A slightly- yellow m l ,  iihiob'toXidified 
'■on.tectotchteg end cocltog* ms left-'behind* 'friteration 
pf -this/oil with ©old#, dry ehlopofom; left a 
' ©f phitalie acid {0*2 £*)* m#p» end mixed m*pv-lS8-«20?f ' 
fdtocmp*)• Preparation.of,the. chloroform end reorystaXXt**- . 
action of too solid residue from ether»li^t.:-peiroleuay. 
mixture yielded colourless needles of 1-tert+~hutyl"• ' a*^? 
hydro&ea X^»aoper?hthaXato (5 0 >,ib#o}# y'ay
m*p* with m  authentic e^ eeimc^ *;,.1 9 2 ^ 0 3^ * ; - / - vy . :
- 4*y - lisCdi-^^ottoxyi^enylBttoyll-f#roxl€ey-y‘y'.y ,; y ;
•"..; ' -; {%% fh® peroxide. .(0*20 g*)\4l©^iv<Av.to '
,&eelie acid ( 3  ©*©*) was added to m solution- of ®odtom‘,;:- 
r $0l u « e  .|^©ulphiaste (0 * 2 0  g*) in. the gam® solvent' ( 2  e *&.»}« 
■ fli# eeXeiarlesa solution pro&uce&#; .unchanged to. appeared#e ' 
after; 1  hr* $ was poured onto erushed-, let and,' to© < product-. •: 
Isolated as before* Bis{dl^^ftoO!^henytett%l) :-7 -7 ; 7 
peroxide was recovered {0*13 £*}# top* and;mixed top*:;-: -: 
128-129°. , •.',...•
(11) . to addition, of eeuccatrated sulphuric acid'' ';.
■(i drop) : te;,a colourless solution of ■ t M ;ptroxl4a (0#2§:'g*X 
to glacial;.acetic acid (5 c*c*)r am;tot€nsely'red : 
'colouration developed* 2h® addition' of a solution of .7
eodii*& ytolue&e ,(0*20.:g* ) to 'glasisl...acetic- ;. a
ml&' {?'#*©*) ^ caused the ret, .eolonr to dlssppeat .slowly* :,'77 
After.-■•45 mim*. at room temper&ture#.-the'•-©oiution-.wa© poured . 
oat© craved .id# a&d’the solid- {§*21 g*)# top* §8-^00% thioh 
separated to© reery»t<Jlllsed’ ’.from $Qfi aquecas; -etfeaaoi; yielding- 
colourless needles of di^2r^diho.3^phi®nylmethyl. g-tolyl 
sulphoae■ (0*1$ g*)# top* and * ix^ i imp* i0&*&Q4^ .#-
yy toier similar condition^ :the sulpham obtained 
from dto^ nethoxyphenylnetliyl alcohol had. a melting point of 
102-104°* Ho depression of melting point’occurred on admix** 
tore of the two specimens* , ; ."y'.. ..'’
5 * Iriph-tnylsatbyl.per©xi&© ' ■■-.yy,yv
;- y.i§2ii*^ utyl''triphenyim®t%l'’peroxide’(SO ’.
dissolved in glacial acetic m i i ' .(§'$•$#) was added to' 
a solution of totim toiueae ^ -sulpMnate (50. tog*) in  
the "same' solvent. (2 e»e#)# to addition of coneeatrated 
#ulplmrie mold {§'*§2 d*e*)* the- initially colourless- 
solution, turned yellow*' ' After X§ hr* at room.: temperature# 
crystals, began to " separate#" : ®wo .hr#".later#-the- solid’V,'' 
was; filtered off sad reorystelllsed from. feeaeene-light ’ . 
petroleum’mixture to" yield colourless needle# of tri**.: 
pheaylmethyl''pN*toiyl'''©dlphoue-.(.50 tof** )# top* and
mixed ' with a specimen teM#i fr» the reaction of tee
i^iXjMmate:with: taApherytoetheuoI-'is to# 'same.;solvent# a*
1T5-4T4®.■ >> - - a . :';<■ ^  -."W.:■;, .°V,. -<v.,-.v',-:
6* 1121314~Ietytoy&r0-l"n&phtoyl x&ntoy&ryl peroxide 
A solution of toe peroxide (0#6 £#) la glacial 
acetic aeid (10 ©*#♦) was added to a solution of sodium 
tolucie p^ roXpliimate (0*4 g#) la to® seme solvent*(5 e*e*) 
■and to® resulting mixture &#pt at room temperature for 
it; hr* After pouring onto crushed lee# toe ©olid which ■ 
separated {1*0 g#) w m  reeirystslilsed from ethanol 
yielding the following fractions*
a* toe unreaeted peroxide (0#4 l«)i ir*p#: cn& 
mlxad top# 12S*X2T°# ' ' ^ 7 r
b* xantoydryl twtolyi ©alphone £##t g* )# m*p*: 
end mixed m«$+ 214-S150# and ' • * *'
e* a brown# msoli&ifi&bl® gum# which was obtained 
on" the addition, of water to toe elaoholie filtrate* fills 
liberated carbon dioxide from sodium bicarbonate solution* ■ 
shoiftog that it contained toe e&rbexyllo eeld group* It 
was' pro© Jsly one of to® aold decomposition products of 
tetania .hydroperoxide# probably'''^ -hytro^pk^yl butyric
7* 1 *213 hydroperoxide
(1) to gl&oi&X acetic add
III® hydroperoxide (0#§ g*) dissolved In glacial 
acetic a d d  (10 o#®*) was added to a solution o f sodium: 
toluene ^ -sulphinate (0*7 g** 1 eqttlv*) in the same : 
solvent (3 a*©*} and the resu ltin g  m ixture'kept a t room 
temperature gvcmLgut* to pouring onto crushed ice and 
isolating to© separated solid# the hydroperoxide (0*33 It*) 
®*p* ■ and mixed* ®*p# 5&*53°#' was -recovered* - A small 
amount of a brown msolldifiable gum was also obtained* -
( U )  to  ao©tio~sulplturlo acid
A solution of toe hydroperoxide (0*5 g*} in. glacial, 
acetic acid (18 c*o#) ooutaiutog o one cut rat el sulphuric 
acid (0*02 e*o*)  waa. added to a solution of sodium tolmeiie 
^«0ulplilB.ut© (0*7 g*) to the $aa$ solvent (3 e*a#}* ill# 
..resulting solution# slightly discoloured* was kept /
: overnight at rom  tamperatmr©# y M m  a deep brown colour 
'ted developed* to pouring the reaction mixture■ .©mio;
' crusted Ice and marking up the product to toe .normal ■ ■ ■ ■
' manner# only a brown gum could be isolated* 
v 71 to a' similar reaction mixture* but which ha$; 'stood :
.' for 38 min** a solution of xantoytool (0*6 g*) to glaciEl -
aoatio a d d  (8 ©*e*) was added* ■ A ,bright red colouration
developed almost teaediately* After/an additional. 15 
■:m!n*f to# solution was poured'-^ ''
; following fractions wore isolated $
a* 1 12 s3itotatraliydro^l^aatotoyl x&nthydryl peroxide. 
\;(0*4 g*)t. m*p# and mixed ®#p* 7126*4,2?° t -■.- . "■<//■"
://:%•# :'. di*^ snathydryl ether.(0*08 #•}* is#p* ;and7mixed V 
,m*p* v/7'
/. '©*: a. small amount of toe gummy acid decomposition " 
product, of the hy&roperaxlde*
\V v./:(i£ t) - In  aqueous solution , ;, , 4
. 112*5*4~tetrtoydro-l-n®phtoyl hydroperoxide {2#0 g*)
: was suspended in a solution of podium tolmeae^wsul^itoate
■'C4*t.'£♦*-1*3 equiv#) to distilled water (38/o*o# j'sad;'
- . ■' .■< ■ . • ', ‘" - y ■■■■
to*' r m : vigorously at .room', ttsjieratoire for 5 hr. ■ After
■•■■tois- time* ./toe/ *oll&. feed disappeared; &ad : a tolc^Creamy-^
■ oil had. settled to. too bottom/of to# reaction 7r'-
,£he mixture waa then extracted with; ether (2.. x If e*0*)9
. to#: eombtoed. extracts were dried#: sni/to# ether removed
ieavtof a otlomrl^o oil# -- fhis- on distillation under .
reduced pressure -gtsv# atoleuaieas.fraction ©f.-b#p*
toito was 'Shorn: t o  . t o  lit i3t4»tetr©hydro-*
l-*a&fhto©l by .toe preparation'-of •its- hydrogen- phtoslate*
es.follews-i ■ ■ /
■ flie colourless oil was treated with phthallo 
©Bhydride (0*25 g«* I. eq u lv*) and p y r id in e  (1*5- eq u iv* )  
la dry bensene (3- e*c*)• ftoe resulting mixture was then ■ 
heated; at 60-65° for 5 hr# * kept at room temperature' 
for 6-0tor## then diluted with m  equal volume of acetone*., 
mad# no id to Congo Bed with 33# sulphuric eeid* end 
diluted to about four time® its volume with water*’ 
fhe oil which then separated out went ©olid after 2t day#* -; 
Cm cry st el 11 set i on from oerhou dleulphlde-1 ight petroleum 
mixture# fin© white needles of 1*2*3*4-te t ro.h„ 7ro~X«* 
naphthyX hydrogen phtfcalate (0#24':|>)» m#p* end mixed. - 
m*f *; with an authentic specimen# 112-113 * were ob ta ined  • -
8* ' tart# -3utyl 1-hr*ihyl-X-phenylpropyl peroxide
fhe peroxide (2*22 g*t G#G1 mol#) which is insoluble
in eeetie end fmmiie aaids# was &lirre4 with e solution r 
of sodium toluene ^ -milpUinuto (!♦?$ g** 0*81 mol#) .In 
SO# formic acid (JO e*e*) for 8 hr# the solution v 
. gradually toe®m m , homogoneous* After a furthest 4B hr# * - V.- .- 
the reaction mlxt^ was poured over emiiied tooe*;
.yielding m  toil which solidified# BeerygtSklXieatlon ; . 
■from-.aqueous methanol' ..yielded l-m#rtoyl-l-pheuylpropyl;:.' , 
g*tolylgsulphone (0*Sh |># ,31$)# m*p*'and mixed’ m#p#
—I?!-**
ml to -ite derived; item toe' amlagoms reaction ■
of l-^ethyl-l-to^nylfropsnoXf■ :-: ‘
f*/ : l-Mttoyi.-i.-|toeii|rlpr0pyl, hyiroporoxii#
,l-^etoyl-X-phenylpropyl hydroperoxide: {8*38 :.g*) ": 
dissolved to formio sold {10 ©#©* # to/ ) m s  added to ; 
a solution of sodium totoeue £~®ulp&toate {0*42 c** 1 equlir#} 
to,too-.same mslte&t {3 ©*#*}* yielding a slightly yellow.• ■•. 
•oXatloa*, After 20 hr# at r o «  temperetoxe* toe.toxtort7 
was poured, onto emptied toe' end toe; resulting sj&alsion / 
neutralised with d ilu te  - sodium ;nydr©xtde, solution* ■ i t  
was then extracted w ith e th e r,(t x 10 e*s*}» toe oomhtoed ■ ■ 
Other exteaets dried aaad ilatillet yielding a colourless 
oil {0*14>g*)r top* 102°/ 14 m#®&# ■ tola was:Identified ; 
as l-methyl-l^phenylpropeaol * ms follower A , •
: [Wm oil .£0-*X4.;g*) .was heated. wito .i^ aaas^ hteyl ha;.
|.w^ -cycnata (0*14 g*) to ligroto Cf y#e*J ’for :X" te*f 7:7 
end toe tool© 'filtered' whilat toot* 7 to oooltog of toe : 
filtrate* crystals:’ separated:wtiieh* on- reeryeteXiie&tiea ■ ' 
■fro® H J h t petroleum- {&.*$#■ range i0 -8 0 °)f y ie ld ed 7.. 
©oiourless plates ■ of' l^ motiyi-l-pherylpropfl- 1-naplitliyl . 
ifcretoen* {0*21 g* )# it*p* :'mM:isIxod m*p* , 128«42f°*;:-; ;-7/7-
Eaidcite (126)- has reported:'.a -malting. point of X2.9~l.30* 5°
for'ihim ©ompowH*
.10* Attest# to prepare te:i$.»~butyl a-tolyX ’ mlptent 
a) from j*£^ *~butyl peroxide
torto-Entsi peroxide {0*5 g*) was added drcpwisa ' 
to solution of sodium toluene ^ aalphia&to (1*5 £*) to 
§8$ forrnio eeld (5 o»e«)t when m  visible ehaage eemarred*.
'After 60 hr* at room toiuoeratore#. fte sotetlorn was, diluted 
with water {10 ©#©*)* extracted with ether (2 x 8 0*0* )# 
end; the combine1 ether extracts dried end distilled*
3£g|>~totyl peroxide (0*43 £>)> b.*p* ,39-*4§°/60 m*m*9
20 " '’- - : , -• — - 
13^ X*33f2y to© recovered* the residue- la the distillation
flask* after reorystalllsation from henaene-light patrols
cum mixtare9 t ve.colourless platolito 'of. toluesa 2 - &ui*»
pbtoie mold (©*S2 g*)* &*p* e~*d mixed ®*p* 84~S5 * which
liberated carbon dioxide fro® m^eoms sodium ’McErbonste 
ablution* ■ '
' (It)' from/ jerto-birIvX pexbenceeie "
: tert**Iferlil perbenxoat#' (1*0 g% ), was added drop** 
wis# to ■ a solution of. eodi® toluene'2~roiphtoate (1*0 £*) 
to to * formic acid'(5 ©*©*) oontatoing.■oonoeatratad 
ptorlo acid (6*02 e#e») and the result lag colourless
*473**
.^■solution-tos' allowed' to steal at »cm: tes^ eraiure- 
;. overnight* file' .solution was then heated to €9° for 
: It 11I11*» oo&led» diluted with .wafer#' and, to®' preeipit&ied 
.material reoryst&llised from hot .water yielding benseAe^ i 
.adit (©*§£*)# m*p* end raised 123*424°# 1h e  filtrate'.
- f extracted with ether* meted with saturated. sodium. .
; bicarbonate solution (5x4 *»•«)# dried# end distilled •
..yielding tert*-frutrl perberixoate (0*00
,: i,5 »*»,* tt|a 1.5802. . •,; u v:;.
XX*/;.Attest : to prepare -^toXyXasmlphoii# ?.//
/ '/ :. l~tert*~ACTl hydrogen X-monoperphthaXate • C§#4; g*)'
• • -’V . ;
dissolved la $0}t formic- acid . (B 0*0*) was added .to a- ; 
solution of ©odium toluene ^ soXphtoai© (§*4:g*)' to-■tte'a 
©am# .solvent ' (6 a#®*)* ( the re^ iiXflag,,coXution ■'whs-, " 
stored at room temperature.for €8 hr*#.after which tine . 
some/ oryetaXa- of fhilmXio acid'had'’separated (#*24 g*l# 
m*p*' eat mixed M*p* after'reerystaXXia&tim from hot 
wafer XS$*£wO° '-(teo:oiip*}*'./ Mlmtlom of toe’filtrate 
with water '.{20.0*0#) yielded, the mehimged perester-' ■•■’■ — 
(0*88. g*)# r*p* -and mtoei ®*p*. ef%m ■ reerystslXisatioa ■ 
farom':etherrXlght 'petr0Xeim,. -B2~84°*'.- /-/: ..■■■.
i*i*iii*- flections with m m *:, fematiei of ,
©tituied .ursasaa. . ■ my,
xaai%dryX;f®fo^i€e ©ni mroa • ■
:y■=/' peroxide: (©#8;g*) dissolved to glaelsX
aeetto acid (12 ©•©♦) was added .to .a solution. of .urea . m 
(0*2- g*) to the ©am© solvent (5c*o*) and the resulting :. 
mixture allowed to' etaad at room• temperature for 6© hr# .. 
1'iltraiicn of toe solid which separated after to!stk® 
gave practically pure £ tH* -dtoantoydryl urea (0*18 g*t 85a)* 
m*p* sad mixed m*p* with toe product obtained, from to# 
reaction of xc&thydrol under Identical conditions# 2?X~-.
* 1 v7-p'- y .• v •■; ": : • >-. -i:- ‘
27 2°# - fltto substance is insoluble '.to all of toe eomou
- * ‘ \ iv : . - •',-: av- ■: -. y V- •' • .:■ . .>-t' ■ ,. - -, :- 7
©rgtmle solvents*
• >' - •.-. • . •/ '•. .•'.•/ . •■' .. /r -. ■ ' . -! . *■ *--4 \.;V'rvi.„,; •■.
■ .' :- ; a- . . "•.' ••- m y-;.m - ' -■:■ , ' o -■.•. ■ •: % ■ v -■■ ■ a '
2* , Eecctlon between bis(dianisylmetoyl) peroxide and urea 
?&© peroxide (0*2 g*} dissolved to gX&oisl acetic 
acid {3 ©*©♦) was added to a solution of urea (50 m*£*) 
to toe can® solvent (2 e*e*)* - After 1 hr*...at,room:temp«* 
orator©* toe reaction mixture was poured onto orutoM ice 
and toe precipitated, material, isolated and recrystallised • 
from glacial acetic acid# yielding H*E*-blstdlmisytoetoy!) . 
-urea (0*04 £*)* m*P# end mixed sup* with to© product of /'' 
to© eorrespondtog reaction of &lfiair#to*to&&oi'» 248*250**'
■f*y fereslls pro-testi is to#
m m t im  b o tw ee a /x m tr y d r y l pereadd#>M. mrta '.,
../■/ -^;: (17 toglsoiml.s^fil# m#ittor:24-te* : •-■•:':’■
Ursa <(0*50 g#) dissolved ©old'/ 7
(25 #*#*) was. added.to a solution,#!; xantliydryl: peroxide ■ 
.(0*665 g*} Is toe ©am# ©olve&t ;($*$-a* o*) and to# resulting 
mixture-maintained at 7§~75° t m Z  mis** toes kept at' 
room temperature for 24 hr* it was toes poured ’ onto _
,Io« (made from distilled 'water* 159 e*o») and filtered , 
■ % hxou$ i a statored glass funnel# to# pr#§ipitet#.ef -a',y 
IIf 111 M llzsntoy& ryl u rea  (0*62 g#* €7*3$)* m*p# and mixed 
m*p*. 271-272°* was washed with/iistlXlea water (50 0*0*) ' 
and the oomhisei filtrates titmiti against standard -' 
( t * 0 i 3 i l )  poimsrium peracngonata ©olm tios* A b lank  
tsfimatiom was -©100 ran os fh solution eenlainisf to# mmm- 
in:redie&i®. with- to# #i3l»ton of to©''p®roxid®*-; fks'- y- 
volume #f titrsst used was- 54*4 #*#* -fMJ corresponds 
to §*04ft g* 'of kydrogea peroxii#*-or §5*5$ of th©y y 
thtoratieaX amount of §*§370. g* / y - -
.- (11),/Is ^ © o l© l .Ae©ti®,e®id tor $'$£&&+' y y,;' - 
: the e#sditioas.:;ofto#.■©^©rimesfwer#'. tos ste#'
as above* txotptthat" to# ■ ©oXutlou*- after feasting ©t; 71 
'7'§-75°. t or. 2. mis* *, was' stored '■ at' room tesiptrator#. Is to# 
dark, for 3 days* The dl~mb©titutod ur#« (14*3$)* m*p*
end mixed, *. :f 7X~t?20* im§.. hydrogen /perea&d©', CSC * £$) - ;•
wwe,.Identified,m  before*,- •/, ;.-y-
■; :Sta®tisms with' rtoyX;: &e&ioateimi#/,; - ; " ■y,;7 7
: N •■■:• .-...-I' ■
X*y7ltmiitXoa between x&uthydrol' end ethyl eeetoaeetaie - \
■ Sthyl eeetc&cet&te (0*33 i>) we® ©died drepwlee".-" 
to a solution of acmthydrdl • {0*50’ g* * 1 cqulv*); to glaoitl 
aoetio acid (5 $*#*} and the resulting colourless komogeo- 
ecus solution* after X to# at room te&perature* was poured 
onto crusted4!® a and tine precipitated material isolated, 
and/reoryataXXised from li$rt petroleum {b*p* Sw-Sa0)*' 
Colourless needles of ethyl C-xenthydryl ©teioehetate' ‘ \
(0*79 g*t $1$)* sup* EG-S9a# were obtained*
t* teaatioix'between xmthydryt,.pe»xid#. rod ethyl.v . .• 
aoetoedetat© :/ : - y ; y h-tey...
;'7"-7"7 (i) 7 to glacial acetic'acid
: 7ltbyX' aoetoscetaW §#} was'added, &ropwie© 
tot® a BeXution of aseutoj Iryl■ peroxide.(0#2d g**,X e^ miv*) 
to gleotol ■ eeetie acid' {§.e*o#)'mad the m m lti& g  m lu t tm  
kept at room temperature for X te* '■After peurto$';'toe:.'\ 
mixtmrt: m to etoehed ■ lee and reerystall!stog toe 'precipi­
tated- .material fanlight petroleum .(lup* SCi-SO0}* the
"'fcXlo;vlng fraetiom wer# obtainedI ■^•1' -•■'■■■■
a* eelouidess: needles of./ethyl CUacaatiiyd^ X e^ eto* 
;ee#i&te (Q*C5 12$)* l i M  iif#: with th#
-protect obtained from.: =tfcev foregoing experiment* 8^ **S5-#
I?* colourless needles of xanthydryX peroxide,"
(0*14 |;#)» m*p# end mixed m*p* ‘X54«*X5S0#/..,- p.yv. ^ .yv;y\’-
(11) Xn eeetie^ smXplrart® e#Xd •' - <V 
fllayX m e toaeetate (0*2S §>) was added to irytXXoir-- 
eolation o f xantlaydryX peroxide (0*20 c#f 31 etuiv# j • .in -V'' 
gleelal acetic acid (5 o#e#) eoateining concentrated . 
rnlphurie cold (0#04 e*o*}# the temperature :of *the' yeieti©**. 
mixture being fcept under 35° W  external'cooling* Xhe '
' yellow colour slowly faded# ter 45 fiiia* et temp** 
erature* the mXxtaxe was poured onto eruehed ie#* end 
w^oritt at* as before#- ' 'Ithyl 0-cont>*yd»yl,: eeetoeoetate " 
:4 0#5 4 f*» €£**)*'&*p* ©ad mlxet m*f# « s  again
oMalEtd:'aa oolourles# nc^ dlea* ■?."■■''
' j|#d#T#;"- 'Bedetien with pvt/&li*ni&e :V , ■■
■ X#‘ ■ l#adtioii: litfi®. xmihydroX - end' phl^sXimite ■ .V ■ •
- ; : Xenthydrel- Co#$ !g#) .■.dieaolyed.in glacial: eeeti© aeid' 
;fi n»§*}'was added to 'a solution of pMhalimide; (0#4 g**
' 1; eimiT#)" In the' m m  solwnt (IS 'e#e».)«,:' lie remltlmg ■: 
eolation wag. heated .under reflux, for 15 sslru* when a
eeXcmr deweXeped# On, ca#ling; the mixture* 
pouring it onto ie#* : tnd isolating and reorystaXXlsin^ 
the precipitated material from eQueou®- dioxan* K*o&mthyteyX 
phtheXinide (0#£2 g.)f m#p# X?T°* was-; obtained &&.:: 
colourless leaflets*
2# B e & o t to n  b e tw e e n  x a a t b y & g y l  p e r o x i d e  and.. p l i t lm X i m i t e  , ■
(1) t n  glacial asetl# r.eeia 
. Xaatfty&ryl peroxide (0*2 g*.}. &issolve& in gXeolaX 
aeetia aoid (8 o*o#) was added to; m solution of. phfUaliml&e 
(0*2 -£• * ■ 1*5 W&lv#.) :ia the- same. solirexit (S 0*0#) and the 
resell ting mixture* after 16 to# at-room temperature* was 
poured onto ora shed toe* XatiihydryX peroxide (0#IS §#.)* '
m#p# and mixed n*p# after reoa^ siellXsatlon l&oa. ether* , 
light petroleum* XSS«*X5T. # was. -obtained.,- as 0.oX.ourXesss- needles*
y-^ >-: ; (it) 1m aoetia-suXpimri#, acid
:■.'A solution ...of. xamttodryX, peroxif#-' (0*1 g* ) ia 
iX a e ia X  m o t t l e  molt. (5; 0*t*) o o n t a i n i a ^ '  SQn$e&trate$ ■
:-p,iipterit- aoif f##§4 0* 0#) wag .-'treated.with; a solmtioti o f  
fkihaXimiie (c#lg#) In. flreialaoetieseid (| e*e*)» 
the rtsiiltinf mixture* ,after\6§;to*;at :r0om; teiiiptreturat : 
was ■ poured onto - ioe-water^  ;wh«& : aVpirpI#- colour deweXeped.' 
in-"the aqm-aous 'soimtion c^ d a greenish solid separated out# ■
Ca filtration* end on : this" poiid;to: mir*:,tht'
tolomrychmged from green to a goitta brown# - . 'ledrysisX-** 
Xlsstton from etto relight petroleum c&we the following 
two- 'frabtlofijs i ' ' ' :;f fyh"' \
"' a. colourless needles of,dixantfc^ ryl peroxide - 
<30; bug*)#‘ s*p* end mixed m*p# f  35^5^/:V 
l; r‘ ;■ colourless leaflets of 'B^ait’ay&ryl phthali^ id#
(2Q- end mixed m*p* rlff**l|70#:' •;
6#d*Yl* Beaotions with acetone
1# Beadtion.' between * e r U »hutarl xmtliydryl, peroxide ©ad 
acetone ' ■ ’
terl»*^ ut¥l xsnthyfiyyl peroxide (0*70 g*)" iiesolired 
in acetone (4 <Mu) containing sttXphurie aoit (eeno** 0*1 e* 
after £0 to*' at"room’-tempiraturei- deposited;'a:.ero^ - of -' v 
yellow need!ea'frost a grtealfe mo1&er,iifU§r* '$&©’ crude 1 
solid ;(0*ft mp* 86^9°f‘■’■ t^wa^^etaliioed froa'- : ■
SOf» 6^ae«!ms'-: alcohol yielding -ootonrless needles " o f:/ v: : 
acantiydryl-'aoaten#:(0*48 g*# 77£)» ®*p* ;101*4§i®* y; - 
(found* 0* 80*1$ 8*v6*l'|'liii* ; ■
8r-$*S^)*: fosse-and Bobpr- (122) report tto;ssiiie''m*p#":-'- 
for this' oo2ipouad:prtparei;by ito- hydrolysis' of ethyl"'- 
6:*^ xanthydfyl aceioacatstt*^ --;:\: \ -:' ■' vh':---. - '
&«d*lkuotlon .between
aCatcm#.;;'; \ yv:^,..;, v:^n.u- ,..
; / ■,'rh,t^ rt.»^ Agyl xsnthydryl iperoxlt© .Cl*0 #*) tea : r
dissolved’in dry eeetme {3 e*a#) containing oonee&temted 
veulplmrie acid CO#I e*c») at-room'temperature* The,u 
. Initially yellow solution turned deep red within 1 ©la#.
■of rdxing* -. After 40 hr** a crop of long* yellowish needle® 
was deposited in  a greenish,mother liquor* After working 
■mp the reaction mixture aa in; the preceding e^erime&t* ■ 
xs&thydryl acetone (0*?5 g*t 8?/)* m*p* and mixed •m*p*:.,' -V
‘ W • ' -:? v • . $  • ••- ' • • . '  ■ - i  ^ -. • • . • ! ' ' : ' • . . .
- 101^X02°*-.;WE3;;again obtained as long colourless', nettles,#
. - -tf ■ . . - - - ■'■-.■/. ■'■  ^ • '■ ' v ; ’ './if' ' - 'V ; r ' !■ - ■ >-■ ■ - 5. ' : ■ ■ . -
'6*d#yii*;\..^ bsrtitutim-'m;t&©:' :\ ..’-
'Xanthyd^ i- pexexlde ,and’ ; 4 
'r:. ; ■ ; llimeiliyX.:aniline (5; g**, excess); mar added drepwia#
tcr:a deep red.-eelution -bf xanthyiryl- peroxide {§*5 g*): ; 
in faciei, acetic b#e*), oonfaiming tonoentratei
amlplmrio' ael&;-..(0#i ;©♦■$*)#■ ^he.yed.'eeleuration rapidly " 
tiocppeariag*' ■. tha ©olid- whietx precipitated, oiit: '.(0*54 g* )# 
©*f* 150*455^ * the recotion,mistura was .-poured; onto
ice ,afiar If -hr*,at rocii:;itsipemtmre* ,weh;.reeapyetcllieed; •■ 
from■ 9Of. eleohel-’^ielding■ eelcM?le»» needlea of
(0.5 g.Kma.p. 455-15S0. C» 85.4|
n$ C.iSi K- 4*C3| a21HX9°a 8 % 7 }# V & * 3 $ f '
■ 1*' 4*64$)# ^ sodium fusion test for mitrogeirgave; w
em intensely blue solution#
‘ ■ mien a sample of the product wca heated tmder'?-:
•; ref lux ■■, with -pote $ stum dlotoomate^  B!uLpln.rio add istrt -mu 
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'     Organic Peroxides. Part IV .*  Alkyl-O xygen Heterolysis in
5 /■■... ' Organic Peroxides.
By A. G. D a v i e s , R. V. F o s t e r , and R. N e r y ,
[ R e p r in t  O r d e r  N o .  5 1 0 3 .]
A lk y l h y d rop erox id es and d ia lk y l p erox id es undergo un im olecu lar  a lk y l— 
i o x y g e n  h etero ly sis  to  form  earb on ium  ions, w h ich  are d e tec ted  b y  th e ir  
ch ara cter istic  reaction s w ith  su ita b le  n u cleop h ilic  reagents.
M u c h  of the interest in organic, peroxides arises from the multiplicity of types of bond 
fission which such molecules undergo. Apart from the familiar oxygen-oxygen homolysis 
(Leffler, Chem. Review's, 1949, 45, 385) and the oxygen-hydrogen homolysis more recently 
reported (Campbell and Coppinger, J . Amer. Chem. Soc., 1952, 74, 1469; Kharasch, 
Pauson, and Nudenberg, J . Org. Chem., 1953, 18, 322), two t}^pes of bond heterolysis are 
. ' Yf\'
well established. Hydrogen-oxygen heterolysis (ROO— H) in alkyl hydroperoxides 
■ occurs in their nucleophilic reactions, e.g., formation of dialkyl peroxides by alkylation 
with alcohols and olefins (Part II I  *), esterihcation (Parts I and II, J ., 1953, 1541, 1808), 
carbonyl, addition (Rieche, Ber., 1930, 63, 2642), and epoxide addition (Barusch and 
Payne, J . Amer. Chem. Soc., 1953, 75, 1987). Of more recent recognition is the oxygen- 
■ ^oxygen heterolysis of peroxides (RO— O R ';  Leffler, loc. cit.) which has been described in 
the reactions of peracids (Swern, J . Amer. Chem. Soc., 1947, 69,1692), in the decomposition 
of peresters (Criegee, Annalen, 194-8, 560, 127), in the acid-catalysed (Kharasch, Fono, and 
Nudenberg, J . Org. Chem., 1950, 15, 748) and base-catalysed (Kornblum and de la Mare, 
J'. Amer. Chem. Soc., 1951, 73, 880) decomposition of alkyl hydroperoxides and dialkyl 
peroxides, and in the acid-catalysed rearrangements of diacyl peroxides (Leffler, ibid., 
1950, 72, 67). This heterolysis is usually accompanied, in the RO group, by loss of a proton 
from the a-position, or by migration of an a-alkyl or a-aryl group on to the oxygen atom, 
to form ultim ately a carbonyl compound or its derivative (Kharasch, Fono, Nudenberg, 
and Poshkus, J . Org. Chem., 1950, 15, 775).
A third possible mode of bond heterolysis in alkyl hydroperoxides and dialkyl peroxides,
th a t of alkyl-oxygen heterolysis probably by a unimolecular mechanism, i.e., R O O R '
R— 0*OR' -=5F=^  R 'O O H  -p R + Y- »- RY, is now described.
h :
, . The affinity of an oxygen atom for the electrons of either the alkyl-oxygen or the 
oxygen-oxygen bond will normally be small, but bond heterolysis in both of these senses 
will be susceptible to acid catalysis by the increase of the electron affinity of the oxygen 
atom by protonation. If the electron-releasing power of the group R is small, oxygen- 
oxygen heterolysis usually occurs, as described above. Flowever, if group R strongly 
releases electrons, then unimolecular alkyl-oxygen heterolysis may occur with comparable 
or greater readiness, leading to the formation of earbonium ions; thus it is in compounds 
such as th e . xanthhydryl, triphenylmethyl, and di-p-methoxyphenylmethyl peroxides, 
under .acid conditions, th a t unimolecular alkyl-oxygen fission may be expected (Parts I 
and I I I , locc. cit.). The presence of the earbonium ions in solution may be detected by 
their characteristic reactions with suitable nucleophilic reagents, as demonstrated by 
.Kenyon and his co-workers ( / ., 1942—54) for alcohols and esters.
The simplest reaction of this type which we have encountered is the disproportionation 
reaction of xanthhydryl hydroperoxide in acetic acid solution. I t  occurs rapidly on
Part III , preceding paper.
warming, more slowly at room temperature, to give xanthhydryl peroxide and hydrogen 
peroxide. One molecule of the hydroperoxide, by undergoing unimolecular alkyl-oxygen 
fission (as to the reactivity of xanthhydrol by a similar mechanism, see Balfe, Kenyon, and 
Thain, J., 1952, 790, and P art III, loc. cit.), provides a earbonium ion which alkylates
XO'OX -f- H + (X =  xanthhydryl). This disproportionation reaction is a general charac­
teristic of molecules which contain a nucleophilic centre and can undergo unimolecular 
alkyl-oxygen heterolysis (e.g., alcohols, alkyl hydrogen phthalates, and alkyl hydrogen 
sulphates).
The presence of intermediate earbonium ions has also been demonstrated by their 
reactions with the following added nucleophilic reagents : (a) aromatic compounds
reactive to electrophilic substituting agents, (b) sodium toluene-^-sulphinate, (c) urea, 
(d) ethyl acetoacetate, and (e) acetone. In all cases the experiments with the peroxide 
have been preceded by an experiment with the corresponding alcohol, and the identity 
of the products obtained by alkyl-oxygen heterolysis from the two reactions has been 
Confirmed. For the characterisation of earbonium ions by the use of aromatic compounds 
we have employed 1 : 3 :  5-trimethoxy- and 1 : 3 : 5-triethoxy-benzene. These are readily 
alkylated by xanthhydrol or di-^-methoxyphenylmethanol in acetic acid, and by 1 : 2 : 3 : 4- 
tetrahydro-l-naphthol in acetic-sulphuric acid, to give the corresponding alkylated tri- 
alkoxybenzene in good yield. The reactions of alcohols with reagents (b), (c), and (d) 
have been described by Kenyon et al. (loc. cit.), except the preparation of 1-methyl-l- 
phenylpropyl ^-tolyl sulphone, which is now reported.
Xanthhydryl hydroperoxide, xanthhydryl peroxide, bis(di-/>-methoxyphenylmethyl) 
peroxide, and 1 : 2 : 3 :  4-tetrahydro-l-naphthyl hydroperoxide react with the s-trialkoxy- 
benzenes under the same conditions as the corresponding alcohols, to yield the respective 
alkylated aromatic compounds, e.g. :
Front the reactions of the last two peroxides, some of the products of oxygen-oxygen 
heterolysis were also isolated.
Xanthhydryl peroxide and sodium toluene-/>sulphinate in acetic acid give p-tolyl 
xanthhydryl sulphone in good yield. The same product was obtained from the 
unsymmetrical peroxides, 1 : 2 : 3 :  4-tetrahydro-l-naphthyl xanthhydryl peroxide, and
-butyl xanthhydryl peroxide, as would be expected from the  known relative ten­
dencies of the tert-butyl, 1 : 2 : 3 :  4-tetrahydro-l-naphthyl, and xanthhydryl groups to 
undergo unimolecular alkyl-oxygen heterolysis (Parts I and III). After reaction of 
tert.-butyl xanthhydryl peroxide, the liberated tert.-butyl hydroperoxide was isolated and 
characterised as l-tert.-buty\ hydrogen 1-monoperphthalate. Similarly, tert.-butyl tri- 
phenylmethyl peroxide, bis(di-^-methoxyphenylmethyl) peroxide, and tert.-butyl 
1-methyl-l-phenylpropyl peroxide react with sodium toluene-/>-sulphinate in acetic- 
sulphuric acid, to form ^-tolyl triphenylmethyl sulphone, di-/>-methoxyphenylmethyl 
p-tolyl sulphone, and 1-methyl-l-phenylpropyl p-tolyl sulphone, respectively. 1 : 2 : 3 : 4- 
Tetrahydro-l-naphthyl hydroperoxide and 1-methyl-l-phenylpropyl hydroperoxide do 
not form sulphones, bu t undergo the alternative reaction of reduction to the corresponding 
alcohols. The mechanism of the reduction is unknown, but from the fact th a t no sulphone 
could be isolated, it appears improbable th a t a free earbonium ion is involved at any stage 
in the reaction.
Again, xanthhydryl peroxide in acetic acid readily reacts with urea, and with ethyl 
acetoacetate, to form s-dixanthhydrylurea, and ethyl xanthhydrylacetoacetate, respec­
tively, in good yield. Similarly tert.-butyl xanthhydryl peroxide and tert.-amyl xanth­
hydryl peroxide react with acetone under acid conditions to form xanthhydrylacetone.
a second alkyl hydroperoxide molecule, i.e., X — O O H  ^  H O O H  +  X +
ry h+ — n.nw-- XO-OH
AcOH
MeO
The possibility merits consideration th a t these reactions might involve alkyl-oxygen 
homolysis rather than heterolysis. The following are the principal reasons why this 
alternative has been rejected, (a) All the reactions are susceptible to acid catalysis, which 
is interpretable on the basis of a heterolytic (see above) but hardly a homolytic mechanism. 
(b) The reaction conditions and products are always analogous to  those of the corre­
sponding alcohols. The reactivity of the latter follows the order predicted from a 
knowledge of the structural factors affecting the rates of SN1 reactions (Part I ) ; if such 
reactions involved free alkyl radicals it would be expected that, for example, a solution of 
triphenylmethanol in acetic-sulphuric acid in the presence of air would yield triphenyl- 
methyl peroxide, (c) The products arising from alkyl-oxygen homolysis would probably 
be different from those obtained. Thus triphenylmethyl radicals do not undergo the 
reactions of strong electrophilic reagents; a t room tem perature they do not react with 
acetone, and form only loose molecular complexes with higher ketones, nitriles, aromatic 
compounds, and similar nucleophilic reagents (Gomberg, J . Amer. Chem. Soc., 1914, 36, 
1144). I t  therefore appears safe to assume th a t the reactions described here proceed by 
alkyl-oxygen heterolysis.
Reactions of the type described above provide a method for the isolation and purific­
ation of impure alkyl hydroperoxides via  the preparation (Part III), fractional 
crystallisation, and subsequent alkyl-oxygen heterolysis of their xanthhydryl or triphenyl­
m ethyl derivatives. These reactions may also provide a new route for the preparation of 
hydrogen peroxide by alkyl-oxygen heterolysis of alkyl hydroperoxides obtained from 
the  autoxidation of hydrocarbons, and for the preparation of alkyl hydroperoxides by the 
alkylation of a reactive alkyl hydroperoxide, followed by the removal of the reactive alkyl 
group by alkyl-oxygen heterolysis.
E x p e r im e n t a l
Alkyl hydroperoxides and peroxides were prepared as described in Parts I and III (locc. cit.).
_ Reaction between Alcohols and 1 : 3 :  5-Trimethoxy- and 1 : 3 :  5-Triethoxy-benzene.— (i) Xanth­
hydrol. A mixture of xanthhydrol (1-0 g.) in glacial acetic acid (10 c.c.) and I : 3 : 5-tri- 
methoxybenzene (1-0 g.) also in acetic acid (10 c.c.), after 20 hr. at room temperature, was 
poured over crushed ice, and the precipitate was recrystallised from butanol, yielding 1 : 3 : 5 -  
trimethoxy-2-xanthhydrylbenzene (1-20 g.) as colourless rhombs, m. p. 159— 160° (Found : C,
75-8; H, 5-7. C22H 20O4 requires C, 75-9; H, 5-8%). 1 : 3 :  5-Triethoxy-2-xanthhydrylbenzene,
prepared similarly, was obtained as needles (from butanol), m. p. 157-5— 158-5° (Found: G,
76-5; H, 6-8. C25H 260 4 requires C, 76-9; H, 6-7%).
(ii) Di-'p-methoxyphenylmethanol. After 20 hr., a mixture of di-p-methoxyphenylmethanol 
(0-5 g.) and 1 : 3 :  5-trimethoxybenzene (0-35 g.) in acetic acid (18 c.c.) was poured over ice, 
yielding 2 : 4 : 6 : 4' : 4" -pentamethoxytriphenylmethane (from propanol; 0-74 g.) as needles, 
m. p. 102— 103° (Found : G, 73-2; H, 6-7. C24H 260 5 requires C, 73-1; H, 6-6%). Similarly, 
from the alcohol (0-5 g.) and 1 : 3 :  5-triethoxybenzene (0-43 g.), 2 : 4 : Q -triethoxy-4:' : 4" -d i-  
methoxytriphenylmethane (0-77 g.) was obtained as needles (from propanol), m. p. 108— 109° 
(Found: C, 73-9; H, 7-7. C27H 32Og requires C, 74-3; H, 7-3%).
(iii) 1 : 2 : 3 :  \.-Tetrahydro-\-naphthol. A mixture of the alcohol (0-5 g.) and 1 : 3 :  5-tri­
methoxybenzene (0-57 g.) in acetic acid (10 c.c.) containing concentrated sulphuric acid 
(0-05 c.c.) after 72 hr. yielded 1 : 3 :  5-trimethoxy-2-(l : 2 : 3 : 4:-tetrahydro-l-naphthyl)benzene as 
irregular rhombs (0-69 g . ; from light petroleum), m. p. 82— 83° (Found: C, 76-3; H, 7-3. 
C19H 220 3 requires C, 76-5; H, 7-7%). ’
Reaction of 2-Phenylbutan-2-ol and its Hydrogen Phthalate, with Sodium Toluene--p-sulphinate. 
— After 72 hr., a solution of 2-phenylbutan-2-ol (0-5 g.) and sodium toluene-p-sulphinate (0-80 g.) 
in 90% formic acid (20 c.c.) was poured over crushed ice, yielding 1-ethyl-l-phenylpropyl -p-tolyl 
sulphone (0-78 g.) as tablets (from aqueous methanol), m. p. 63— 64° (Found : C, 71-1; H, 7-1; 
S, 11-1. C17H 20O2S requires C, 70-8; H, 6-9; S, 11-1%).
Similarly, the hydrogen phthalate (0-50 g.) in acetone (3-0 c.c.) and sodium toluene-^- 
sulphinate (0-50 g.) in 90% formic acid (15 c.c.) after 72 hr. had deposited crystals of phthalic 
acid (0-17 g.). The supernatant solution was poured over ice, yielding the sulphone (0-25 g . ; 
from aqueous methanol), m. p. and mixed m. p. 63— 64°.
Reaction between Organic Peroxides and 1 : 3 :  5-Trimethoxybenzene and 1 : 3 :  5-Triethoxy- 
benzene.— (i) Xanthhydryl hydroperoxide, Xanthhydryl hydroperoxide (0-5 g.) in chloroform
(5-0 c.c.) was added to 1 : 3 : 5-trimethoxybenzene (0-40 g.) in glacial acetic acid (10 c.c.). N ext 
day the mixture was poured over ice, yielding 1 : 3 :  5-trimethoxy-2-xanthhydrylbenzene 
(0-57 g . ; from butanol), m. p. and mixed m. p. 159— 160°. Similarly, 1 : 3 :  5-triethoxy- 
benzene yielded 1 : 3 :  5-triethoxy-2-xanthhydrylbenzene (from butanol), m. p. and mixed m. p. 
157-5— 158-5°. • •
(ii) Xanthhydryl peroxide. A mixture of xanthhydryl peroxide (0-52 g.) in chloroform 
(5 c.c.) and 1 : 3 :  5-trimethoxybenzene'(0-43 g.) in acetic acid (10.c.c.), after 72 hr. yielded 
1 : 3 :  5-trimethoxy-2-xanthhydrylbenzene (from butanol; 0-79 g.), in. p. and mixed m. p. 159—- 
160°.
(iii) Bis(di-p-methoxyphenylmethyl) peroxide. A mixture of the peroxide (0-38 g.) in 
chloroform (5-0 c.c.) and 1 : 3 :  5-triethoxybenzene (0-36 g.) in acetic acid (5-0 c.c.) was poured, 
after 14 days, over ice, and the precipitate crystallised from propanol, yielding 2 : 4 :  6-tri- 
ethoxy-4' : F'-dimethoxytriphenylmethane (0-21 g.), m. p. and mixed m. p. 108— 109°. Some 
red oil was also formed which was probably a decomposition product of the peroxide caused by  
oxygen-oxygen heterolysis.
(iv) 1 : 2 : 3 :  4,-Tetrahydro-l-naphthyl hydroperoxide. The hydroperoxide (0-25 g.) in 
chloroform (5-0 c.c.) was added to a solution of 1 : 3 : 5-trimethoxybenzene (0-30 g.) in acetic 
acid (5-0 c.c.) containing concentrated sulphuric acid (0-05 c.c.). After 96 hr. the mixture was 
poured over ice and the oil which separated was extracted successively with light petroleum and 
with ether. From the light petroleum extract, 1 : 3 :  5-trim ethoxy-2-(l : 2 : 3 : 4-tetrahydro-l- 
naphthyl) benzene (0-05 g.) was recovered, having m. p. and mixed m. p. 81-5— 82-5°., The 
ethereal extract yielded a dark red oil, from which an acid, probably y-o-hydroxyphenylbutyric 
acid, was isolated, with an unsharp m. p. of 57— 61°. •
Reaction between Organic Peroxides and Sodium Toluene-p-sulphinate.— (i) Xanthhydryl 
peroxide. From a solution of xanthhydryl peroxide (0-2 g.) and sodium toluene-^-sulpliinate 
(0-22 g.) in acetic acid (15 c.c.), colourless crystals began to separate after 2 hr. ■ Recrystallis­
ation from ethanol gave ^-tolyl xanthhydryl sulphone (0-26 g.), m. p. and mixed m. p. 214—  
215° to a red liquid.
(ii) 1 : 2 : 3 :  ‘t-Tetrahydro-l-naphthyl xanthhydryl peroxide. ’ A suspension of- the peroxide 
(0-42 g.) in a solution of sodium toluene-^-sulphinate (0-28 g.) in acetic acid (7 c.c.) was stirred 
for 2 hr. and then diluted with water, yielding -tolyl xanthhydryl sulphone (0-48 g.) which was 
recrystallised from ethanol when it showed m. p. and mixed m. p. 214°.
(iii) ter t.-B utyl xanthhydryl peroxide. A solution of tert. -butyl xanthhydryl peroxide (1-0 g.) 
and sodium toluene-^-sulphinate (0-80 g.) in acetic acid (10 c.c.) at 50° immediately.began to  
deposit crystals of -tolyl xanthhydryl sulphone. After 1 hr., water (15 c.c.) was added yielding- 
more sulphone (from ethanol; in all, 1-06 g., 86%), m. p. and mixed m. p. 214— 215°. - The 
filtrate, after being, neutralised with sodium hydrogen carbonate, was extracted with light 
petroleum, yielding tert.-butyl hydroperoxide, which was identified as l-tert.-butyl hydrogen 
1-monoperphthalate (from ether-light petroleum; 50 mg.), m. p. and mixed nr. p. 102— 103°.
(iv) tert .-Butyl triphenylmethyl peroxide. On the addition of one drop of concentrated 
sulphuric acid to a solution of tert.-butyl triphenylmethyl peroxide (50 mg.) and sodium toluene- 
p -sulphinate (50 mg.) in acetic acid (5 c.c.), a yellow colour developed. After 1-5 hr. crystals 
began to separate. N ext day these were filtered off (50 mg.) and recrystallised from benzene- 
light petroleum, yielding ^>-tolyl triphenylmethyl sulphone, m. p. and mixed m. p. 173— 174°.
(v) Bis(di-p-methoxyphenylmethyl) peroxide. A red solution of the peroxide- (0-20 g.) in glacial 
acetic acid (3 c.c.) containing one drop of concentrated sulphuric acid, was added to sodium  
toluene-p-sulphinate (0-20 g.) in acetic acid (2 c.c.); the colour slowly faded. After 45 min. 
the solution was poured over crushed ice, yielding di-p-m ethoxyphenylmethy 1 p-tolyl sulphone 
(from ethanol, 0-18 g.), m. p. and mixed m. p. 102— 104°. In the absence of sulphuric acid, 
the peroxide was recovered from a similar reaction mixture after 1 hr.
(vi) tert .-Butyl \-methyl-\-phenylpropyl peroxide. The peroxide (2-22 g., 1 mol.) which is  
insoluble in acetic and formic acids, was stirred with a solution of sodium toluene-/>-sulphiriate 
(1-78 g., 1 mol.) in 90% formic acid (50 c.c.) for 8 hr., the solution becoming homogeneousv 
After a further 48 hr. the mixture was poured over ice, yielding an oil which solidified. 
Recrystallisation from aqueous methanol yielded 1-methyl-l-phenylpropyl ^-tolyl sulphone 
(0-98 g.), m. p. and mixed m. p. 65°. V "
(vii) 1 : 2 : 3 :  4:-Tetrahydro-l-naphthyl hydroperoxide. After 16 hr. a solution-of the hydro­
peroxide (0-5 g.) and sodium toluene-^-sulphinate (0-7 g.) in 98% formic acid (10 c.c.) had 
deposited a buff-coloured precipitate which did not melt below 300° and was insoluble in the 
common organic solvents but dissolved in water; from its aqueous solution the parent acid
could be obtained by acidification; it was thus probably the acid decomposition product of the 
peroxide, y-o-hydroxyphenylbutyric acid. The filtrate, on treatment with water, yielded 
toluene-^>-sulphonic acid (0-10 g.j, m. p. 104— 105°. The hydroperoxide had thus apparently 
been reduced by the sulphinate. From a neutral solution the reduction product was isolated : 
a suspension of the hydroperoxide (2-0 g.) in a solution of sodium toluene-^-sulphinate (4-2 g.) 
in water (30 c.c.) was shaken for 5 hr. From the mixture, an oil was isolated with b. p. 92—  
94°/0-3 mm. (0-25 g.), which was identified as 1 : 2 : 3 : 4-tetrahydro-l-naphthol by the prepar­
ation of its hydrogen phthalate, m. p. and mixed m. p. 112°. No sulphone was isolated, but an 
undistillable viscous residue was obtained, which was probably polymerised 1 : 2-dihydro- 
naphthalene.
(viii) 1-Methyl-l-phenylpropyl hydroperoxide. A solution of 1-methyl-l-phenylpropyl hydro­
peroxide (0-30 g.) and sodium toluene-^-sulphinate (0-42 g., 1 mol.) in 98% formic acid (13 c.c.), 
after 20 hr. was poured over ice, and the resulting emulsion neutralised with dilute sodium  
hydroxide. An ethereal extract yielded a colourless oil (0-14 g.), b. p. 102°/14 mm., identified 
as 1-methyl-1-phenylpropanol as follows. The oil (0-14 g.) was heated with 1-naphthyl iso­
cyanate (0-14 g.) in ligroin (5 c.c.) for 1 hr., and the whole filtered hot. On cooling, crystals 
separated, which were recrystallised from light petroleum (b. p. 60—-80°), yielding 1-m ethyl-l- 
phenylpropyl 1-naphthylurethane, m. p. and mixed m. p. 128— 129°. Hawkins ( / . ,  1949, 
2076) reports m. p. 129— 130-5°. We are indebted to Dr. E. G. E. Hawkins for the details of 
this reaction.
Reaction between Xanthhydryl Peroxide and Urea.—A suspension of the peroxide (0-181 g.) 
in a solution of urea (0-20 g., excess) in glacial acetic acid (30 c.c.) became homogeneous after 
2 min. at 70°. After 3 days at room temperature, water (150 c.c.) was added and the 
precipitated material filtered off through a weighed sintered-glass filter and washed with water 
(100 c.c.), giving s-dixanthhydrylurea (0-182 g., 94%), m. p. and mixed m. p. 270—272°. 
Titration of the combined filtrate and washings with standard potassium permanganate solution 
showed it to contain 96% of the theoretical amount of hydrogen peroxide.
Reaction between Xanthhydryl Peroxide and Ethyl .Acetoacetate.—After 45 min. a solution of 
xanthhydryl peroxide (0-20 g.) and ethyl acetoacetate (0-26 g.) in acetic acid (5 c.c.) containing 
concentrated sulphuric - acid (0-05 c.c.) was poured on ice, yielding ethyl xanthhydrylaceto- 
acetate (from light petroleum; 0-34 g.), m. p. and mixed m. p. 88— 89°.
Reaction between Xanthhyd.ryl Peroxides and Acetone.— (i) tert.-B utyl xanthhydryl peroxide. 
A solution of tert.-butyl xanthhydryl peroxide (0-7 g.) in acetone (4 c.c.) containing con­
centrated sulphuric acid (0-1 c.c.), rapidly became deep red. After 60 hr. the mixture was 
poured over ice, yielding xanthhydrylacetone (from aqueous ethanol; 0-68 g.), m. p. 101— 102° 
(Found : C, 80-8; H, 6-1. Calc, for C16H 140 2 : C, 80-6; H, 5-9%). Fosse and Robyn (Bull. 
Soc. chim., 1906, 35, 1013) report m. p. 101— 102° for this compound prepared by the hydrolysis 
of ethyl xanthhydrylacetoacetate.
(ii) tert.-A my I xanthhydryl peroxide. Similarly, after 40 hr., a solution of tert.- amyl 
xanthhydryl peroxide (1-0 g.) in acetone (3 c.c.) containing concentrated sulphuric acid 
(0-05 c.c.) yielded xanthhydrylacetone (1-05 g.) which, recrystallised from aqueous ethanol, 
had m. p. and mixed m. p. 101—-102° (Found : C, 80-8; H, 5-7%).
Disproportionation of Xanthhydryl Hydroperoxide.— Xanthhydryl hydroperoxide (0-98 g.) 
was warmed at 50° in glacial acetic acid (10 c.c.), and the mixture diluted with water, yielding 
xanthhydryl peroxide (from ethanol; 0-72 g.) as white needles, m. p. 152— 153° (Found : C, 
78-8; H, 4-8. Calc, for C26H 180 4 : , C, 79-2; H, 4-6%).
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